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PREFACE. 



In the preparation of these pages the aim of the author has been 
to present descriptions which should include the salient features of 
the various structures with sufficient fulness to impress important 
details without wearying minutiae : many years of teaching have con- 
vincingly shown that too great conciseness of statement, on the one 
hand, and too great elaboration of detail, on the other, are alike 
unsatisfactory to the student in his efforts to gain an adequate and 
lasting knowledge of minute anatomy. 

The recognition of the underlying morphological relations of the 
tissues alone can bring the appreciation of the broad principles 
requisite for the elevation of histology from a maze of barren details 
to a study full of interest and suggestion. In order that these wider 
bearings may become apparent, a brief account of the embryological 
processes and the histological differentiation concerned in the de- 
velopment of the tissues and the organs has been added to the 
descriptions of the adult structures. The desirability of keeping the 
size and scope of the volume within the limits adapted to its. primary 
purpose of text-book has forbidden the systematic consideration of 
embryological data, and much of interest relating to the earlier 
stages of development has been necessarily omitted. 

In adopting the character of the illustrations choice has been 
influenced by the reflection that the mission of such drawings is 
instruction, and that the illustrations best accomplishing that end 
are of most value for the object at hand. With the exception of 
those taken from other, duly acknowledged sources, the drawings 
have been made by the author in nearly all cases with the aid of the 
camera lucida or from photo-micrographs. While sufficiently dia- 
grammatic to be efficient aids in the comprehension of the text, the 
drawings are faithful likenesses of the original preparations; the 
latter as far as possible have been taken from human tissues. 
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iv PREFACE. 

For manifest reasons, references and bibliography have been 
omitted, except in connection with statements where mention of the 
name of the authority has seemed desirable. The aythor wishes to 
express his obligation to the writings of Kolliker, Ranvier, Schwalbe, 
Waldeyer, Retzius, Stohr, Flemming, O. Hertwig, Schaefer, Golgi, 
Ram6n y Cajal, and others, as well as to many papers found in the 
Archiv fur mikroskopische Anatomic and other journals. 

G. A. P. 

University of Pennsylvania, 

Philadelphia, September 30, 1893. 
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CHAPTER I. 

THE CELL AND THE TISSUES. 

Histology, literally, the science of tissues, represents that part 
of general morphology which treats of the structural elements of 
organisms, by the various arrangement of which the textures and 
organs of the body are formed. The term is, evidently, equally 
applicable to the structural components of plants as well as to those 
of animals; "histology," however, is usually accepted as relating 
especially to animal tissues, ''vegetal histology" expressing the 
extension of tlie study to the tissues of plants. 

At first sight apparently complex and numerous, the structures 
composing the animal economy are really made up of but few 
elementary tissues ; these latter may be divided into four funda- 
mental groups: 

Epithelial tissues; 

Connective tissues; 

Muscular tissues; 

Nervous tissues. 

Each of these tissues may be further resolved into the compo- 
nent morphological constituents, the cells and the intercellular 
substances. All animal cells are the descendants of the embryonal 
element^ derived from the division of the primary parent cell — the 
ovum; the intercellular substances, on the other hand, are formed 
through the more or less direct; ag ency of the cells. The animal 
cell may exist in either the embryonal, matured, or metamorphosed 
condition. 

The embryonal cell, as represented by the early generations of 
the direct offspring of the ovum, or by the lymphoid or colorless 
blood-cells of the adult, is a P,q^ i^ 

small irregularly round or 
oval mass of' finely granular 
gelatinous substance — the 

protoplasm or cell-contents ^***°'**- ^^"^-^^^ exhibiting amaboid movement. 

— in some part of which a smaller and often indistinct spherical 

body — the nucleus — ^lies embedded. In the embryonal condition, 

II 










12 NORMAL HISTOLOGY. 

when the cell is without a limiting membrane and composed al- 
most entirely of active living substance, the oudines are frequently 
changing, these variations in shape being known as amceboid 
movementB, from their similarity to the changes observed in the 
outline of an active amoeba, one of the simplest forms of animal life. 
As the embryonal cell advances in its life-history, the surrounding 
conditions to which it is sut^ected induce, with few exceptions, 
further specialization. Among the earliest of such etfects is the 
condensation of the peripheral zone of the cell, whereby the reten- 
tion of a detinite form is greatly favored; such peripheral condensa- 
tion may progress to the production of a distinct limiting membrane 
— the cell-wall. This structure is very frequently wanting; when 
present, however, it is usually so thin that its optical expression is a 
single delicate line. The cell-wall is to be regarded as a product of 
the specialization of a portion of the protoplasm, rather than as an 
essential part of the cell. 
The adult cell consists of the protoplasm, or cell-contents, possibly 
limited by a cell-wall, en- 
closing a nucleus, which 
latter, in turn, often con- 
tains one or more minute 
spherical bodies, the nu- 
cleoli. The more or less 
definite and characteristic 
forms which the elements 
of the various tissues 
possess on reaching their 
full development, depend 
largely upon the changes 
effected by growth and dif- 
ferentiation in the proto- 
plasm during the younger 
condition of the cells. 

The protoplasm 
throughout the greater 
part of the cell usually 
appears as a finely granu- 
lar semi-fluid or gelati- 
nous substance m which mmute granules, the microsomes, as well 
as other jrarticles of extraneous matters, lie embedded. The most 
superficial zone of the protoplasm — known as the exoplasm — is de- 
void of microsomes The structure of protoplasm is now recognized 
as far more complicated than was formerly supposed, comprising a 
highly elasuc and extensible portion— the spongioplasm— and an 
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£mtei5titial, seemingly less active substance — the hyaloplasm. The 
active contractility which has been generally credited to the spon- 
Sri^'p'^^soi tias been questioned (Schaefer), since the characteristic 
^amoeboid movements of living cells are by some attributed to the 
<::hanges talcing place within the hyaloplasm. 

The arrangement of these constituents of the protoplasm is vari- 
able. When they exist closely and uniformly intermingled, the 
<nistoniary finely granular appearance of the cell-contents is produced; 
not infrequently, however, the spongioplasm is disposed as a more 
or less well-defined reticulum. In living cells this reticulation is 
transient, and, to a certain degree, acci- 
dental, since it often depends upon an ' ^' 
unequal distribution of the hyaloplasm 
induced by the presence of vacuoles or 
of particles of foreign substance, as se- 
cretion within glandular epithelium. 

Chemically, protoplasm consists of ' 
various albuminous substances in com- 
bination with a special nitrogenous pro- 
teid, plastin, together with water and 
salts. It is probable that in the albu- 
minous substances alone the property of _ 

contractility resides; the plastin, on the wniiif.dinmomtiiamciiu.biiwMn 
other hand, offers great resistance to ]^^^)J^,°"'^c"!I|'^ ' ''■'""^"' 
those reagents, as acids, gastric juices, 

or trypsin, which dissolve the albuminates. The amount of plastin 
present within the fibrils forming the intercellular reticulum is not 
constant, but subject to considerable variation. In addition to the 
hyaloplasm, the meshes of the spongioplasm frequently contain 
particles of foreign substances ; the latter may be fatty matters, 
pigment granules, particles of secretion elaborated within the cell 
itself, or extraneous material. 

The nucleus is usually limited by a distinct wall, the nuclear 
membrane, and is traversed by a variably elaborate framework of 
nuclear Sbrils, between which lies an intertibrillar, probably semi- 
fluid, substance, the nuclear matrix. The nuclear membrane is 
composed of amphipyrenin. The nuclear fibrils consist of particles 
of a deeply staining proteid substance, chromatin, supported by 
delicate achromatic threads of linin, along which the chromatin is 
arranged as irregular beads or thickenings. 

Suspended within the nuclear net-work, lying often in dose rela- 
tion with the fibrils, one or more minute spherical bodies may be 
seen ; these are the nucleoli, regarding whose true significance, at 
[»esent, little is definitely established. The nucleolus is highly 
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relhtcting. and, when subjected to appropriate stains, takes on a 
color differing from both nuclear fibrils and protoplasm ; it contains 
a substance known as pyrenin. The nucleolus lies closely approxi- 
mated to, but separated from, the nuclear fibrils, being especially 
evident in such elements as ganglionic nerve-cells, or ova, where the 
nucleolus appears with exceptional distinctness. Its disappearance 
during the division of the nucleus, and its subsequent reappearance 
within the newly-formed nuclei, lend weight to the supposition that 
the nucleolus plays but a subordinate r6U in the life-history of the 
cell ; its true value, however, has yet to be determined. 

In addition to the parts of the cell readily recognized, the presence 
of a very small, constant, round, highly- refracting body — the cen- 
trosotne — has been established within the cytoplasm. This body 
is so minute and inconspicuous that it is not easily distinguished ; 
the fact that the centrosome is itself surrounded by a clear area, 



Fig 5. 




named the attraction aphere will often a d n s detect on Wh le 
the centrosome has been shown to exist during the condition of rest, 
it is especially in connection with the changes incident to the division 
of the nucleus that it becomes most conspicuous, since its division 
and subsequent migration often inaugurate the complex cycle of 
nuclear changes. 

Certain investigators have described the occasional presence of an 
irregularly spherical body, lying within the protoplasm in the vicinity 
of the nucleus, to which the name accessory nucleus, or paranu- 
cleus {Nebenkem of the Germans), has been applied. According 
to Platner, the paranucleus is an extrusion of the nucleus, and b sub- 
ject to great variation in size and appearance ; the existence, nature, 
and function of this body are at present still uncertain, and need fiir- 
ther investigation. 
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THE VITAL MANIFESTATIONS OF THE CELL. 

The characteristics which distinguish the structural units of living 
organisms from those of the inorganic world, may be conveniently 
grouped as — Vegetative, Metabolism, Growth, Reproduction; Am- 
mal^ Irritability, Motion. 

Metabolism is that process by which the cell selects and assimi- 
lates, from the surrounding food-materials, those substances adapted 
to the particular needs for its nutrition and function, so changing 
and incorporating into its own substance the materials so acquired 
that they become an integral part of the cell. By a still further 
exercise of this process the assimilated materials are converted into 
new substances, which may be retained within the cell, or, as is 
frequently the case, given up as the various secretions of the body. 

Groivth, the natural sequence of assimilation, may affect the cell 
equally in all parts, thereby producing a uniformly enlarged ele- 
ment; such jiormal or typical increase is, as a rule, 'hindered by the 
impression of neighboring elements, such limitations resulting in 
many local alterations of form, as conspicuously seen in epithelial 
tissues. It is, however, the principle of unequal growth that exerts 
the greatest influence in producing specializations of form, as exam- 
ples of which the cells of muscle, the crystalline lens, or connective 
tissue are ^miliar. 

Reproduction, the culminating phenomenon of the life-history of 
the cell, occurs by two modes : 

a. By direct division — ^without karyokinesis. 

b. By indirect division — ^with karyokinesis. 

Direct division, by which a cell rich in protoplasm, as the white: 
blood-corpuscle, constricts, cuts off, and sets free a portion of itself, 
while undoubtedly 

taking place in the Fig. 6. 

multiplication of the 
simplest organisms, 

or of the least dif- Diz«ct cell-division of coloriess bloo<l<orpi2scle. 

ferentiated elements 

of higher types, is no longer regarded, as formerly, as the most 
important and usual mode of cell reproduction; the observations 
of the last decade have shown that its occurrence must be accepted 

- rather as exceptional than as customary. 

Indirect division, preceded by the complicated cycle of nuclear 
changes collectively termed karyokinesis, is now recognized as 

. being the usual mode of the reproduction of cells of all kinds, in 
pathological as well as in normal conditions. The recognition and 
elucidation of these important phenomena have been largely due to 
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the brilliant investigations of Flemming, Strasburger, v. Benedeiv 
Schleicher, RabI, and others have added much to the accurate 
knowIedg;e of the life-history of the cell. 

The entire process of indirect cell-division may be divided con- 
veniendy into three stages, which, however, gradually follow one 
another without sharp demarcation. These stages are : (i) the Pro- 
phases, embracing the preparatory changes of the nuclear constitu- 
ents; (3) the Metaphase, during which the 
?'<!■ 7- accurate division of the chromatin is effected ; 

(3) the Anaphases, in which distribution and 
rearrangement of the newly apportioned chro- 
matin takes place. Coincidently with the com- 
pletion of the new nuclei, the cell-protoplasm 
undergoes division, so 
Pig. 8. that each daughter • cell 

consists of the new nu- 
cleus surrounded by a 
definite area of proto- 
plasm. These final 
changes constitute the 
Telophases. 

When the cell under- 
goes a complete and typi- 
cal mitotic division, the 
following changes occur : 
(i) The centrosome in- 
creases in size and, if not 
already existing double, 
divides into two ; the nu- 
cleus enlarges, while the 
chromatin greatly in- 
creases, the fibrils becom- 
ing contorted to form a 
dense convolution, whose 
twisted threads run gener- 
ally transverse to the long axis of the nucleus and parallel to the 
plane of the future cleavage ; these fibrils constitute the 

(2) Close skein, or spirem. The chromatin fibrils further thicken, 
becoming less convoluted, and forming irregularly- arranged loops, 
known as the 

(3) Loose skein. The skeins, sometimes composed of the con- 
tortions of one long fibre, at others of several shorter ones, separate 
at their peripheral turns, so that a definite number of distinct loops, 
or chromosomes, are formed ; the closed ends of these are directed 
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towards a common centre, around which, but removed some little 
distance, they become arranged. The enclosed dear space is the 
polar field. 

The centrosome iearly undergoes division, when not already double 
within the cytoplasm, and lies close to the nuclear membrane. The 
new centrosomes, enclosed within the attraction spheres, soon begin 
to separate, each receding from its original position through an arc 
of 90° towards the opposite poles of the cell. 

During the formation of the skeins and the division of the centro- 
somes the nuclear membrane disappears and the chromosomes lie 
free within the cell-protoplasm. Coincidently with the foregoing 
changes delicate striae make their appearance around each centro- 
some, the radiating figure thus produced constituting the amphi- 
aster. The rays bridging the space separating the centrosomes are 
so disposed that together they present a double cone, whose apices 
are directed towards the poles of the future new nuclei, as determined 
by the new centrosomes ; these achromatin figures constitute the 
nuclear spindle, and occupy the polar field. The cromatin fibrils, 
now staining intensely, grow thicker and shorter, 
and arrange themselves so that the closed ends 
of the loops encircle the polar field, giving rise, 
when seen from the surface, to the wreath ; seen 
from the side, however, the loops or V's appear 
as radiating fibrils, and constitute the 

(4) Mother-star, or aster : the apparent dif- 
ferences, therefore, between the wreath and the 
aster depend upon the point of view, and not 
upon variations in the arrangement of the fibres. 
The completion of these preparatory changes 
marks the termination of the prophases ; the suc- 
ceeding metaphase is initiated by an important 
change leading to the reapportionment of the 
chromatin. 

(5) Each of the loops, or chromosomes, un- 
dergoes longitudinal cleavage, splitting up 
into double the number of segments : these are 
now entirely rearranged during the anaphases, 
the first step being] 

(6) A rapid separation into two groups, pass- 
ing towards the poles of the future new nuclei, 
as indicated by the foci of the nuclear spindle. Around these points 
as centres, a delicate radial marking — the polar striation — appears. 
The halves of the longitudinally cleft fibrils are so disposed that one 
of each pair of sister-segments passes along the guiding lines of the 





GP 

Rearrangement and 
cleavage of V-segments : 
A . from the side ; B. 
from the polar field, P: 
GP. ami -pole. (After 
Rabl'Sckitfferatcker. ) 



i8 



NORMAL HISTOLOGY. 



achromatin spindle to each of the groups, thus insuring an accurate 
and equal division of the original chromatin between the new nuclei. 
The chromatic segments, becoming further aggregated about the 
equator of the nuclear spindle in their migration, form a compressed 
mass, known as the 

(7) Equatorial plate.* As the newly-grouped fibrils pass out- 
ward towards their respective poles, the free ends of the receding 
segments become united by delicate threads of achromatin — the 
connecting filaments—which stretch between the corresponding 
limbs of the separating segments. With the completion of migra- 
tion the cardinal features of the division of the nucleus have been 
established, since the anaphases are but repetitions, in inverse order, 
of the changes already instituted. Following the stage of the equa- 
torial plate, the fibrils group themselves about the poles of the spindle 
and form 

Fig. 10. 
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Diagram illustrating the migration and redisposition of the segments of chromatin, guided by the achro- 
matic lines : A , mother-star ; B and C, sUge of equatorial plate ; V, daughter-surs. (After Rahl.) 



(8) The daughter-stars, or diaster, each of these corresponding 
to a new nucleus. About this time the cell-protoplasm, which until 
now has been almost passive, begins to exhibit a constriction of its 
body, which impression now steadily progresses until the protoplasm 
of the cell completely separates into the portions destined to become 
the bodies of the cells, enveloping the new nuclei. The karyokinetic 
cycle is completed by each 

(9) Daughter-wreath or star in turn assuming 

(10) The stage of the daughter-skeins, at first loose and afterwards 
close; on obtaining nuclear membranes and the nucleoli reappearing, 
the new nuclei finally pass into the stage of rest. 



• The term "equatorial plate" has been employed by some authors to indicate 
the later phases of the aster stage. 
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In recapitulation, the above changes may be tabulated as follows : 
Resting Mother-Nucleus. 
Prophases : 

The inauguration of division is marked by migration and 
division of centrosome, increase of chromatin, resulting 
in the formation of 
The Mother-Skein (JSpirem) : 
a, Qose skein, — 

Disappearance of nucleoli. 
Disappearance of nuclear membrane. 

Fig. II. 
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Cells kom tbe epidermis of very young larva of newt : A , resting nticleoa ; B, cloee skein ; C, loose 
■kein ; D and £, motber-stara, seen from the polar field and appearing as the wreath stage ; F, mother- 
star from the side ; G, migration of segments ; //, daughter-stars ; / and J, segments grouped about 
new pdar fields (in y the protoplasm exhibits constriction) ; A', daughter-skeins,— division of nucleus 
complete with slight constriction of cell-body ; L, completed division of nucleus and protoplasm. 

i. Loose skein, — 

Separation of skein into segments or chromosomes. 
Appearance of polar field around the centrosomes. 
Rearrangement of chromosomes around polar field. 
The Mother- Wreath, or Aster : 
Appearance of nuclear spindle. 
Metaphase : 

Longitudinal cleavage of chromatin segments. 
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Anaphases : 

Migration of segments (^Metakinesis). 
Segments pass towards the poles of the new nuclei. 
Equatorial plate produced by massing of migrating segments. 
Separation of segments into polar groups. 
Appearance of connecting filaments. 
Daughter- Wreaths, or Asters. 
Telophases : 

Beginning division of cell- protoplasm. 
Daughter- Skeins : 
a. Loose skein. 
d. Close skein. 

Completion of new nuclei. 
Acquisition of nuclear membranes. 
Reappearance of nucleoli. 
Completed separation of cell-protoplasm. 
Resting Daughter- Nuclei. 



Fission of the nudeus i 
protoplasm the resultmg n 




ordinarily followed by cleavage of the 
cells bemg entirely distmct elements. 
A deviation from this usual 
procedure is however, some- 
times encountered where the 
divis on of the nucleus has 
not been followed by cleavage 
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of the cell protoplasm the latter remainmg undivided even after the 
repeated division of the nuclei Examples of such endogenous" 
formation are seen in the multinucleated g ant marrow cells. Not 
infrequently under such conditions the nucleus undergoes repeated 
abortive division, resulting in the production of irregular lobulated 
or cleft forms embedded within the common protoplasmic mass. 
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The foregoing vital manifestations, being chiefly concerned in the 
mere existence and perpetuation of the cell, are appropriately termed 
vegetative ; irritability and motion, on the contrary, are the ex- 
pressions of a higher and more individual existence, and hence are 
called animal. It is to be remarked that the term *' animal," as 
here employed, must not be regarded as indicating distinctions be- 
tween plants and animals; for this purpose such manifestations are 
inadequate, since the elements of certain plants (Mimoseae, Dionaea) 
possess irritability, and the protoplasm of others (Myxomycetes, 
Volvocineae) exhibits motion in a marked degree. 

Irritability is that property of living matter by virtue of which 
external influences are responded to by changes within the cell; these 
changes may, in turn, induce secondary phenomena. Instances of 
such impressions are frequent among the lower forms, where surface 
elements, or, as among the still sinipler unicellular protozoa, the pe- 
ripheral zone of the protoplasm common to the entire animal, exhibit 
susceptibility to external stimuli. Among the higher animals irri- 
tability is manifested by nerve-cells, which, through their processes, 
influence other tissues. Concerning the exact nature of the intimate 
changes taking place within the cell, the sum of which we call nervous 
phenomena, little is known; it is probable, however, that the al- 
buminous constituents of the protoplasm are the particular seat of 
these obscure molecular changes. 

Motion, more or less pronounced, is a characteristic of all ani- 
mal cells — ^and, likewise, of very many vegetal ones— during some 
portion of their existence. The development and specialization of the 
adult cell usually result in limitation of the activity of the protoplasm, 
by reason both of its decrease and of its intimate relations with the 
surrounding tissues; the cells exhibiting motion in the adult condition 
are those which retain, to a certain degree at least, their embryonic 
type: such are the lymphoid and connective- tissue cells. 

Motion may be exhibited by elements devoid of, as well as by those 
provided with, special appendages. The lowest degree of this vital 
manifestation is encountered in the streaming of the protoplasm 
within cells, as in plants, enclosed within limiting membranes which 
do not permit such motion to affect the exterior of the cells. Con- 
spicuous examples of the more marked eff*ects of protoplasmic 
streaming are fkmiliar in the changes readily observed in amoebae or 
in the colorless blood-cells of higher types. In these latter elements, 
however, the motion is manifested rather in change of form than by 
marked variation in position. 

The highest expression of motion is displayed by those cells whose 
protoplasm has undergone specialization, resulting either in the pro-i 
duction of a peculiar tissue, as that of the voluntary muscle fibre, or 
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of external appendages, as the cilia of many unicellular oi^nisms 
or of the epithelial elements of the higher animals. 

Since every cell is derived from a pre-existing cell, it follows that 
alt the cells of the or^nism are the descendants of the parent ele- 
ment — the ovum. The ripe mammalian egg, while small in com- 
parison with many other ova, is among the largest histological 
elements, measuring about .2 millimetre in diameter, and, further, 
possessing all parts of the typical cell. 

Before the ovum is capable of uniting with the male sexual element 
to carry out the changes attendant upon fecundation, it passes through 
a cycle of preparatory stages collectively known as maturation. 
These changes consist in the repeated very u>iequal division of the 
ovum, resulting in the formation of the polar bodies; of these latter, 
usually tv^o are extruded. The nucleus which appears within the 
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ovum after the formation of the polar bodies is the female pronu- 
cleus. Upon the completion of these phenomena, maturation has 
taken place and the ovum is prepared for the reception of the male 
sexual element. Under favorable conditions the spermatozoa reach 
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the ovum, when a single element penetrates the envelopes of the 
egg and is received within the protoplasm of the female cell. The 
head of the spermatozoon, which alone passes within the ovum, be- 
comes transformed into the male pronucleus. Subsequently the 
latter approaches the female pronucleus, the fusion of the two pro- 
nuclei being followed by the appearance of a new nucleus of seg- 
mentation, so called from the fact that within this body cleavage 
of the ovum is first inaugurated. The segmentation nucleus con- 
tains the chromatin contributed by the sexual elements of both 
parents — ^the fundamental fact in the consideration of heredity. 

The process of segmentation following the fertilization of the 
ovum is essentially one of indirect cell-division, in which the 
stages, although modified in certain details, are essentially the same 
as those already described. The mammalian ovum undergoes a 
total segmentation; although the resulting segments are, strictly 
regarded, not quite equal in size, yet, as a matter of simplicity, they 
may be regarded as such, and the division characterized as total 
equal segmentation. 

The repeated cleavage of the segmentation-spheres into which 
the ovum is divided soon produces a mass of innumerable cells con- 
stituting the blastoderm; the latter, by continued division and 
further differentiation, subsequently gives place to a cell-area, in 
which at first two layers, an outer and an inner, and later a third 
middle stratum, of celk appear. These more or less imperfectly 
defined tracts constitute the important primary blastodermic 
layers, the ectoderm, mesoderm, and entoderm, from which are 
derived all the tissues of the body. The reader must be referred to 
the various text-books of embryology for a detailed account of the 
complicated and often obscure processes of maturation, fertilization, 
segmentation, and blastulation, of which only the most salient points 
have been indicated above. 

THE TISSUES. 

Every tissue is composed of two parts, — ^the cellular elements and 
the intercellular substance. Upon the first of these depends the 
vitality of the tissue, while its physical properties are determined by 
the character of the second. The physical condition of the inter- 
cellular substances includes a wide latitude, varying from that of a 
fluid, as blood or lymph, through all degrees of density, until, by 
the additional impregnation of calcareous matters, the well-known 
hardness of bone or dentine is attained. 

The proportion between the cellular elements and the intercellular 
substance of mesodermic tissues varies with age and development, 
the intercellular substance in the early stages being scanty and very 
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yielding, while with adolescence they may become tough and re- 
sistant. Accompanying the growth of the tissue, an increase of the 
intercellular substance usually takes place through the direct or 
indirect participation of the cells, these latter, in consequence, suf- 
fering marked reduction in number and size. The younger the 
mesodermic tissue, the richer is it in cells and the poorer in intercellu- 
lar substances; conversely, the older the tissue, the more prominent 
the intercellular substance and less conspicuous the cellular elements. 
A marked example of this law is presented by tendon, where, in the 
embryonic condition, the cells constitute the greater bulk of the 
tissue, while in the adult the intercellular fibrous tissue so overwhelms 
the cellular elements that reagents are frequently necessary to satis- 
iactorily demonstrate their existence. 

While increase of the intercellular substance usually accompanies 
the growth of the mesodermic tissues, those derived fi-om the 
ecto- and entoderm present a marked contrast. In these latter 
tissues the intercellular constituent is represented by the very scanty 
, cement substance, increase in which occurs only as necessitated by 
the growth of the surrounding cells, the proportion between the two 
elements being practically constant throughout life. Instances of 
this constant relation are seen in the varieties and modifications of 
the epithelial tissues. 

The primary blastodermic layers — ectoderm, mesoderm, and 
entoderm — early exhibit histological difTerences which suffice to 
distinguish the one from the other, and especially to indicate, at least 
in a general manner, the tendency of the outer and inner layers to 
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form epithelial structures in contrast to the less compact and more 
reticular formations of the mesoderm. The epithelia of the genito- 
urinaiiyjiaci^however^^rejnarked^xceptions in their origin, being 
derived, as well as the connective and muscular tissues, from the 
mesoderm, in this respect constituting conspicuous specializations. 
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Derivatives of the Primary Blastodermic Layers. 

From the ectoderm are derived — 

The epithelium of the outer surface of the body, including that 
of the conjunctiva and anterior surface of the cornea, the 
external auditory canal, together with the epithelial append- 
ages of the skin, as hair, nails, sebaceous and sweat glands 
(including the involuntary muscle of the latter). 

The epithelium of the nasal tract, with its glands, as well as of 
the cavities communicating therewith. 

The epithelium of the mouth and of the salivary and other 
glands opening into the oral cavity. 

The enamel of the teeth. 

The tissues of the nervous system. 

The retina; the crystalline lens. 

The epithelium of the membranous labyrinth. 

The epithelium of the pituitary and pineal bodies. 

From the mesoderm are derived — 

The connective tissues, including areolar tissue, tendon, cartilage, 

bone, dentine of the teeth. 
The muscular tissues, with the exception of the muscle of the 

sweat-glands. 
The tissues of the vascular and lymphatic systems, including 

their endothelium and circulating cells. 
The sexual glands and their excretory passages, as far as the 

termination of the ejaculatory ducts and vagina. 
The kidney and ureter (but not the bladder). 

From the entoderm are derived — 

The epithelium of the digestive tract, with that of all glandular 

appendages except those portions derived from ectodermic 

origin at the beginning (oral cavity) and termination of the 

tube. 
The epithelium of the respiratory tract. 
The epithelium of the urinary bladder and urethra. 
The epithelium of the thyroid and thymus bodies, the atrophic 

primary epithelium of the latter being represented by Hassall's 

corpuscles. 
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CHAPTER 11. 

THE EPITHELIAL TISSUES. 

The free surface of the skin and of the various mucous membranes 
is covered by epithelium, which affords protection to the more 
delicate parts lying beneath. In this~lEissue the intercellular con- 
stituent is reduced to^ minimum, being represented^aloiie'^y the 
scanty cement-substance between the cells; the latter, in consequence 
of this relation, form practically ^n unbroken sheet. 

The epithelia are best grouped under two chief heads — ^squamous 
and columnar. The designation as tessellated or pavement is not 
distinctive, since either variety may present a mosaic when viewed 
from the free surface. These tissues may be classified in several 
divisions as below indicated. 

VARIETIES OF EPITHELIUM. 

/ Squamous. II, Columnar, 

a. Simple — consisting of a single layer — a. Simple. 
b. Stratified — consisting of several layers — b. Stratified. 

Ill, Modified, 
a. Ciliated; b. Goblet; c. Pigmented. 

IV, Specialized, 
a. Glandular epithelium; b. Neuro-epithelium. 

The epithelium contains no blood-vessels, the nutrition* of the 
tissue being maintained by the absorption of the nutritive juices 
conveyed by means of the yitercellular ckfts within the cement- 
substance. The nervous supply of epithelium is likewise ordinarily 
very scanty, the existence of nerve-fibrils within the epithelium in 
many localities being doubtful; in certain regions possessed of high 
sensibility, as the corneal or tactile surfaces, the termination of nerve- 
fibres among the epithelial elements may be regarded as definitely 
established. The epithelial cells usually rest upon a b^iftent- 
m^mbrane, or membrana propria, a modification of the subjacent 
connective tissue of which it is part. 

The principal distributions of the various forms of epithelium 
follow. 
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Simple squamquauepithelium occurs in but few places : 

Partially lihing the tympanic cavity, including the mastoid 
cells ; parts of the membranous labyrinth ; the infun- 
dibula and alveoli of the lungs ; the posterior surface of 
the anterior capsule of the crystalline lens; parts of 
ducts of glands ; the capsule of the Malpighian body and 
the diescending limb of Henle's loop in thelcidney ; choroid 
plexuses and parts of bram- ventricles. 

squamous epithelium occurs widely distributed, cover- 

The skin and its extensions, as the external auditory canal, 
conjunctival sac, and cornea; the mouth, lower part of 
pharynx, and oesophagus ; the epiglottis and upjjerpart 
of larynx, together~with the false and true vocal cords ; 
the peTvis of kidney, ureter, bladder, beginning and end 
of male and entire female urethra ; the vagina. 

Simple columnar epithelium occurs: 

a. Non-ciliated, in — ;rt ^^ 

The digestive tract, from the oesophageal opening of stomach 
to anus, as well as in the larger ducts of the glands com- 
municating with this tube; ducts of mammaiy glands; 
^ aculatory ducts ; membranous and penile portions of 
urethra. 

b. Ciliated, in — 

Qyiduct, uterus, and part of canal of cervix ; greater part 
of brain-ventricles and canal of spinal cord. 

Stratified columnar epithelium occurs : 

a. Non-ciliated, in- 

Terminal part of the vas deferens ; seminal vesicles ; olfac- 
tory part of nasal foss^. 

b. Ciliated, in — 

The Eustachian tube and parts of tympanic cavity ; lachry- 
mal passages ; respiratory part of nasal fossae, with com- 
municating sinuses; ventricle of larynx, trachfa, and 
bronchiae ; epididyniis and first part of vas deferens. 

Squamous Epithelium. When occurring as a simple layer, 
the flattened, polyhedral, nucleated plates form a regular mosaic ; 
such epithelium is found but seldom in the human body, the lining of 
the air-sacs o f the lun g, the posterior surface of the anterior capsule 
of the crystalline lens, the membranous labyrinth, and^ a few other 
localities being its principal seats. ^ ^ '"^'^ 
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A iar more usual arrangement is as several layers, constituting 

the stratified squamous variety. The isolated cells of such epi- 
thelium differ greatly in form, size, and 
f'<= "6 appearance according to the layer from 

which they are taken. The cells com- 
posing the deepest stratum are not scaly, 
but '^Tygi|)F"'ly rfilv!T'"J'_'"i _restiflg, with 
slightly expanded bases, upon the sub- 
jacent membrana propria. The irregular 
borders of these cells join with neighboring 
elements in such a manner that minute 
mtercellular clefts are formed ; these are 
occupied by the yielding cement-sub- 
stance, and allow the passage of the 
nutrient juices, as well as of the migratory 
leucocytes or wandering cells. The 

nuclei of the columnar elements are oval and often situated nearer 

the outer ends of the cells 

Passing from the basement membrane towards the free sur&ce 

the form of the cells undergoes a radical change The pronounced 

columnar type belongs to the 

deepest layer alone the cells next 

become irregularly polyhedral 
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then gradually expand in the direction parallel to the free surface, and 
become, finally, converted into the large thin scales so characteristic 
of the outer layers of stratified squamous epithelium. 

The cells constituting the middle strata are irregularly polyhedral, 
and not infrequently seem to be mutually connected by means of 
delicate processes, which bridge the intervening intercellular clefts 
and esUblish a direct continuity between the neighboring cells ; when 
such elements are isolated, the delicate threads are broken and the 
disassociated cells appear as if beset with minute spines : these con- 
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stitute the prickle -cells. During the journey to the free sur&ce 
the character of the protoplasm also alters, the cells losing in 
vitality and becoming keratose or horny to a 
greater or less de^ee. TKe extent to which these P'<^- '9- 

changes occur depends upon the external conditions 
aflecting the tissue ; on mucous surfaces kept con- 
tinually moist by secretions the cells retain their 
plasticity and nuclei ; where, on the contrary, they 
are exposed to the desicradng^ influences of the 
atmosphere, they lose ^Keirnucl ei and become dry 
and Jiorn^, as conspicuously seen in the superficial 
cells of the epidermis. Fatty granules and small 
oil-drops, sometimes, also, adherent masses of bacteria, are common 
in the superficial celb. As the young growing cells of the deeper 
layers increase in size and numbers, they push those of the super- 
imposed strata towards the free suriace, where the older superfrcial 
ceUs become loosened and gradually set free, constituting the phydo- 
logical desquamation continually taking place. 

In certain localities, as in the u rinary bladd er, the columnar cells 
of the deep layer rapidly assume the scaly character of the superficial 
strata ; such epithdium possesses relatively few layers, and, from the 
bdlity with which the type of the cells changes, is often described 
as " tc^sitipnaV It is to be remembered that such epithelium 
constitutes not a distinct variety, but only a modiflcation of the 
stratified scaly group. 

Columnar Epithelium. The columnar epithelium, when occur- 
ring'as'"a'siiTgle~~layer of cells, constitutes the simple columnar 
variety, which, however, enjoys a much wider distribution than the 
corresponding squamous group. The taller or shorted columnar 
cells rest upon the membrana 
propria with their bases, and 
join their neighbors with 
more or less accuracy. The 
free or outer ends of the cells 
in some localities, as, conspicu- 
ously, in the intestine, are char- 
acterized by the presence of a 
narrow marginal zone, or 
basal border : this exhibits a ,'Jl^"ft^'™^tuI"™" 
vertical striation, which, on the «ii» prMem a p«u 
addition of a reagent, as water, '^^"^ m.^'ifirf." 
often breaks up into a series of 
rods, resembling very robust cilia. When the 
epithelial cells is replaced by several, as in the stratified columnar 







; layer of these 



30 



NORMAL HISTOLOGY. 



variety, the outermost cells alone are distinctly columnar ; these are 
usually modified at their outer ends, becoming pointed, forked, or 
club-shaped, in order to fit between the irregularly polyhedral and 
pyriform elements of the deeper strata. The nucleus is situated about 
the middle of the columnar surface cells, and somewhat eccentrically 
nearer the basement- membrane in the deeper cells. The protoplasm 
of columnar epithelium often contains particles of mucous secretion, 
indicating the beginning of those changes which result in the produc- 
tion of the goblet-celis. 

Modified Epithelium. The Jree surfaces of the epithelium in 
particular localities, as noted in detail in the foregoing summary, 
are armed with minute hair-like processes, or cilia ; these, by their 
constant active vibration, create 
Fig m Fig as a current, which serves to free 

the mucous membranes from 
accumulation of mucus and of- 
fending foreign or irritating sub- 
stances. Cilia are sgeci3lizations_ 
of the pr^oplasm, with which 
they are probably directly and 
intimately connected ;' widely dis- 
tnbuted and attached to the 
vanous forms of epithelium in 
the lower animdslin man and the 
higher mammals^cilia are limited 
to columnar cells. 

The exact oumber of individual 
cilia attached to the free sur&ce 
of a single cell varies, but there are, probably, between one and two 
dozen such appendages usually present. Their length likewise 
differs with locality, those lining the human epididymis being about 
ten times longer than those of the trachea. When analyzed, by 
careful observation of fevorable cells in not too rapid vibration, the 
motion will be seen to consist of two parts — a rapid primary move- 
. ment, directed to correspond with the general current, and a slower 
secondary return to the original position, the li^e end of the cilium 
describing a course resembling that of a whip-lash. The vibrations, 
whose rate has been estimated at about ten per second, do not occur 
simultaneously in all the cells, but exhibit a progression, one cell 
after the other taking part in the motions, whereby a series of distinct 
wavesof ciliary motion is produced; in addition, a certain periodicity 
or rhythm often characterizes the vibrations. 

When favorable conditions obtain, including a sufficient supply of 
moisture, oxygen, and heat, ciliary motion may be maintained for 
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OUTS, and even for days ; the cells of cold-blooded animals in 
continue to vibrate longer than those of mammals, 
r^idity of the ciliary motion is readily influenced by tem- 
e and reagents. While the application of gentle heat stimu- 
le motion b temporarily arrested by a reduction to 5° C, and 
ently impaired by an elevation above 50° C. Increased 
is at first produced by the addition of weak alkalies or acids, 
i, however, by a permanent suspension after the prolonged 
of these reagents. Cold, chloroform, etc., on the contrary, 
prompt reduction and, finally, stoppage of the vibrations, 
vr&ces clothed with columnar epithelium, certain celts are 
lished by unusually clear protoplasm and exceptional size ; 
re the goblet-cells, whose peculiar elliptical or chalice form 
from the accumulation of mucoid substance 
led within their protoplasm. When the dis- F'g a4- 

becomes too great, the cell bursts in the ip^ffl© 
n of least resistance, evidently towards the ^ 

face, and the secretion is poured out on the fc il 
of the mucous membrane. Goble t cell s 
n all surfaces cove red by columnar epithelium 
h especial profusion in the large mtestin e 
dements may be regarded as corresponding lu^" buMiiic con 
unicellular glands of the lower animals in "mngmiiciHUMc™ 
^e mucous glands, as the mucous acini of the 
.illary and sublingual, the majority of the secreting elements 
. condition similar to that of the goblet -cells, 
protoplasm of epithelial cells often becomes invaded by par- 
<f foreign substances : thus, granules of &tty and proteid 
are very commonly encountered, while 
jsence of granules of eleidiniin certain fu;.i$. 

the epidermis characterizes the stratum 
isum. When these invading particles are 
, as when composed of melanin, the pro- 
I of the affected cell acquires"a brown or 
int, and is then known as pigmented 
lium ; such cells are constant inHieSeeper 
J^he epidermis, especially of certain races, 
the outer layer of the retina. ngmoncd cpitbdhun 

iaUzed Epithelium. Reference has f^" ""' ^y",'^ "".r 

, , ■ . .< . . in* : the nuckl (■) uiU 

ade to the goblet-cells as being, tempo- .miDvukd. 

: least, sufficiently specialized to represent 

lar glands ; when the elements become p er ma n e ntlyj npdjfied 

ige in the elaboration of secretion they are rec(^nized as 

lar epithelium. 
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The cells lining the ultimate divisions of glands are the modified 
extensions of the epithelial investment of the adjacent mucous 
membrane, of which they are the direct Outgrowths. Glandular 
epithelium varies in form from columnar (pancreas) to spherical 
(parotid) and polyhedral (Hver). The protoplasm of such cells is 
generally more or less filled with particles of secretion, upon whose 
quantity and arrangement the apparent condition of the protoplasm 
largely depends. Sometimes the latter is almost entirely displaced 
by fetty matters, as in the sebaceous glands or in the active mammary 
acini, or, again, is so encroached upon by particles of secretion that a 
reticulation of the protoplasm is very conspicuous. 

The elements lining parts of certain glands exhibit more or less stria- 

_tigc, on account of which peculiarity such cells are known as ro3^epi- 

thelium ; examples of this are seen in the ducts of the salivary glands, 

and in the irregular and, to a less evident degree, the convoluted 

portions of the uriniferous tubules of the kidney. 

"" The epithelial coverings of those areas towards 

which the terminations of the nerves of special 

sense are particularly directed undergo I 




specialization, resulting in the production of perceptive elements, 
to which, as a group, the name n euro- epithelium has been 
ir.,._ ^ applied. The rod- and cone-cells of the retina, 

the hair-cells of Corti's organ and other parts 
of the membranous labyrinth, the olfactory cells 
of the nasal fossae, and the taste-cells of the 
taste-buds, are all familiar examples of such 
specialized epithelium. In these elements two 
parts are present — an inner, containing the 
nucleus, and corresponding to the usual proto- 
plasm of the cells, and an outer, peripherally- 
directed segment, which is highly specialized, 
^ and not infrequently terminates in stifT, rigid, 

iiu^frim B^-T^ifK- hair-like processes. The outer segment re- 
io.T«Li.:.,Bul™'uraW ceives the stimuli from external impressions, 
''""'"*■ while the inner, centrally- directed, segment stands 

in close anatomical relation with the nerve-fibres. 
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ENDOTHELIUM. 

Although endothelium is intimately related to the connective 
tissues, being but modifications of the cells of this group, it is con- 
venient to describe this tissue in the present place. Endothelium 
forms a covering of the free sur&ce of those spaces not directly 
communicating with the external atmosphere, including, therefore, 
the lining of the various serous cavities, as the pleura, pericardium, 
andgeritgneugj (disregardmg the communication established through 
the oviduct), of the synovial surfaces of joints, of the heart and 
blood-vessels, as well as of the 

numerous lymphatic spaces ^'^- ^• 

and vessels. These cells 
occur normally as a single 
layer of thin, irregularly poly- 
hedral plates of variable size 
and of great delicacy ; they 
possess an oval, sometimes 
kidney-shaped, nucleus; they 
never overlap, and usually 
unite with neighboring cells 
by serrated and tortuous lines 
of cement-substance. The 
endothelial plates covering 
the serous membranes are, 
in general, polyhedral, re- 
sembling in outline the simple 
scaly epithelium; those lining 
the blood-vessels are elon- 
gated, irregular spindles, while 
those found in the lymphatic vessels are often still more unsym- 
metrical, being limited by very tortuous boundaries. 

For the satisfactory study of endothelium resource to silver 
staining (see Appendix) must be had, by which method the inter- 
cellular cement-substance is colored deeply brown or black, appear- 
ing as dark, frequently-interrupted boundary-lines. In such prepara- 
tions the points of union common to several cells are often marked 
by small, deeply-stained areas — the stigmata, or pseudo-stomata. 
These figures are regarded by some as minute openings filled by 
silver-stained albuminous substances ; according to Klein, however, 
many of these stigmata are the protruding stained processes of con- 
nective-tissue cells. In addition to these areas of questionable import 
are true distinct openings, the stomata, which establish direct com- 
munication with the adjacent lymphatic channels ; the diaphragm, 

3 




EndotheUum from peritoneal sur&ce of diaphragm, 
stained with silver : m, nucleus of endothelial plate ; t, 
one of the intercellular clefts or stigmata. 
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and especially the .septum separating the peritoneal sac from the 
abdominal lymph-cavity of the frog, exhibit well these pores. The 
laiger stomata are lined by- 
Fic. 3a several small granular guard- 

cells, whose expansion and 
contraction largely mfluence 
the size of the openmgs 

The development of 
epithelium is intimately 
associated with the exten- 
sions of the great ecto and 
enlodermic tracts since with 
the exception of the epithe 
hum of the greater part of 
the £enito unoaiy oj^ns, 
the epithelia are the direct 
descendants of the outer and 
inner embryonic layers The 
cells hning the passages con 
nected with the sexual glands, 
as well as the urinary tract as far as the bladder, are derived from 
those of the Wolffian body and duct, and hence have, with these 
latter, a common mesoblastic origin. The simple arrangement of 
the cells in the earlier stages gradually gives place to the more com- 
plex disposition of the mature tissue. 

The development of endothelium forms part of the history of 
the changes taking place within the extensive mesodermic areas; 
from the specialized sheet, or mesothelium, bounding the primary 
body-cavity of the young embryo, the endothelium of the pleural, 
pericardial, and peritoneal cavities directly descends, while the lining 
cells of the vascular and lymphatic channels trace their origin to the 
diiferentiation of certain of the mesodermic elements. 
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CHAPTER III. 

THE CONNECTIVE TISSUES/ 

The important group of connective substances — the most widely 
distributed of all tissues — ^is the direct product of the great meso- 
blastic tract, axial as well as peripheral ; the several members of this 
extended &mily are formed by the differentiation and specialization 
of the intercellular substance, wrought through the more or less 
direct agency of the mesohlastic cells. The variation in the physical 
characteristics of these substances is due to the condition of the 
intercellular constituents of the tissues. Taken during the period 
of embryonal growth, they are represented by a sejni-gelatinous, 
50ft, plastic mass ; a little later, the still soft, but already definitely 
formed, growing connective tissue exists, which is soon replaced by 
the yielding, though strong, adult areolar tissue. Grouped as masses 
in which the white "HBrous tissue predominates, the marked tough- 
ness of tendon is reached ; or where large quantities of yellow elastic 
tissue are present, great extensibility is secured. A further conden- 
sation of the intercellular substance produces the resistance of the 
•matrix of hyaline cartilage, with the intermediate gradations pre- 
' sented by the fibrous and elastic varieties ; the ground-substance 
becoming additionally impregnated with calcareous salts, the well- 
known hardness of bone or dentine is attained. In all these varia- 
tions in the density of the intercellular substance the cells have 
undergone but little change — ^the connective-tissue corpuscle, the 
tendon-cell, the cartilage-cell, and the bone-corpuscle being morpho- 
logically identical. 

The principal forms in which connective tissue occurs are, — 

1. Mucous tissue, as in the jelly of Wharton of the umbilical cord. 

2. Growing, immature tissue, as in very young animals or in old 
embryos. 

I* Areolar tissue, as in the subcutaneous and intermuscular tissues, 

4. Dense mixed fibrous and elastic tissue, as in the sclera, fasciae, 
etc. 

5. Dense white fibrous tissue, as in tendon and the cornea. 

6. Dense elastic tissue, as in the ligamenta subflava. 

7. Cartilage — fibrous, elastic, and hyaline varieties. 

8. Bone. 

9. Dentine. 

10. The reticulum of adenoid tissue and glands. 
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scribed as of two kinds — the 
proper and the migratory or 

Fig. 31. 




1 1. The elastic relkulum of organs. 

12. The supporting and uniting framework of the various organs, 

13. Adipose tissue. 
The cellular elements of the connective tissues are usually de- 

" fixed" or connective-tissue cells 
wandering" cells. The former, in 
their typical and unrestrained con- 
dition, are flattened stellate pro- 
toplasmic plates, 'each with a nu- 
cleus occupying the thicker part of 
the body of the cell, from which 
branched processes extend; in some 
instances the protoplasm extends in 
several planes as thin, plate-like 
wings. The nuclei are limited by 
distinct membranes, and frequently 
contain well-marked nucleoli. 
While possessing in its early condition the plate-like form in a 
greater or less degree, the ordinary connective-tissue cell, owing to 
its participation in the formation of the intercellular tissue, suffers 
greatly during the later stages of its history; the expanded cell-body 
soon gives place to smaller outlines, 
while the protoplasm diminishes until 
the once large element is reduced to 
the inconspicuous spindle- cells of 
adult areolar tissue, in which only a 
thin envelope of protoplasm sur- 
rounds the nucleus. The connective- 
tissue cells, when rich in protoplasm 
and under favorable conditions, are 
capable of exhibiting amceboid move- 
ments, the variations being, however, 
limited to alterations of form brought 
about by the extension or retraction 
of the protoplasmic processes. 
Associated with the flattened, plate- 
like elements of connective tissue, in many places are found the highly- 
vacuolated plasma-cells of Waldeyer. These are of uncertain form, 
often irregular, extended, or spindle, and consist of soft protoplasm, 
which, owing to the numerous vacuoles contained, presents an appear- 
ance in marked distinction to that of the ordinary branched cell. 
The plasma-cells probably bear a somewhat constant relation to 
young tissues in which the formation of new blood-vessels is still 
progressing. 



Fig. 33. 
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In addition, occasional peculiar granule-cells (the "Mast- 
lellen" of the Germans) must be recognized. These elements 
often appear spherical in form, and are distinguished by the con- 
spicuous ^p^nularity of their protoplasm, the granules possessing a 
strong affinity for dahlia and basic aniline stains. The granule-cells 
occur in especial pro- 

fiision in the vicinity Fig- 33- 

of blood-vessels, and 
seem to be intimately 
connected with the 
formation of adipose 




In contrast to these 
larger connective- tis- 
sue elements, inegu- 
Urly round or ovoid 
smaller cells are often 
present, which, from , 

their ability to change cDrpuuiei -, u, migmoi^ ceiii '. v, piiumi^cii ; ,, ciuiic fibm. 
their position as well 

as fomi, are termed the wandering cells. These consist of small, 
nucleated masses of active protoplasm, characteristic of the lymph or 
coloriess blood-cells with which they are identical, usually being 
reaUy leucocytes which have passed out of the vessels into the 
surrounding tissues, through which they wander as transient 

The protoplasm of the Axed cells sometimes exhibits accumula- 
tions of dark particles, the elements then appearing as the large, 
irregularly branched 
pigment-cells, Fic 34- 

"hichform con- __*c* ^ ^*°- ^■ 




in man, such ^'*''*Ij^°''""'*''|^"' ei™tni _ ^^ ^^ choroid 

cells occur prin- ci""" ° " "^ "./-.sn^ue 
dpally within 

the choroid and iris, and in certain parts of the pia mater. The 
pigment-cells vary in shape and size ; usually stellate and of mod- 
erate extent in the higher vertebrates, they assume the most elabo- 
rate and grotesque forms and reach enormous dimensions within the 
tissues of the lower animals. 
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The immediate vicinity of the blood-vessels is a fevorile locality 
for pigment-cells, their arborescent processes often forming a net- 
work completely enclosing the 
Fig. 36. vessel. The supporting stroma 

of various organs of many of 
the lower animals frequently 
contains such cells, the liva 
constantly presenting con 
• spicuous groups of deeply-pig- 
merited elements. Pigment 
cells are capable of spontaneou! 
movement, the changes in- 
cluding not only alterations 01 
retractions affecting the pro 
cesses — phenomena directly influenced by the action of the light- 
but likewise decided alterations in position and location of the cells. 
The granules of the dark-brown pigment were formerly regarded 
as composed of melanin derived from the coloring- matters of the 
blood ; recent investigations, however, render it probable that, while 
apparently the same, the dark pigment found within the various 
tissues is by no means always identical in composition. The isolated 
particles when examined with high amplification are but slightly 
colored, the characteristic tint appearing only when the pigment -gran- 
ules are massed. Exceptionally the colored particles are taken up 
by the cells as pre-existing pigment -granules ; more usually, how- 
ever, they are produced within the protoplasm of the cell by elabo- 
ration from special substances held in solution. 

The arrangement of the connective-tissue cells varies with 
the age and density of the tissue. Where 
the cells retain the 
stellate type, a pro- f '<5- ^■ 

toplasmic network 
extending through- 
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out the tissue is formed by the union of the processes ; examples of 
such disposition are seen in young mucoid tissues, the cornea, anc 
other connective substances rich in cells. Parallel rows of closely- 
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placed quadrate elements are seen in tendon, while sheets of flattened 
endothdioid plates characterize basement- membranes and envelop 
the bundles of fibrous tissue. 

In the denser structures the cells occupy spaces within the 
ground- substance ; these spaces usually communicate directly with 
one another by means of minute channels, or canaliculi, and form a 
com[)licated system of "juice-canals" through the entire tissue. 
Within these tissue -Space 8, or lacuna, lie the connective-tissue 
corpiiscles, generally only partially filling the cavities, smd^bemg 
usually especially applied to one wall of the space after the manner 
of an endothelial covering. These int erfa§ gicular cj^fts within the 
ground-substance may be regarded as the radicles of the lymphatic 
system, in some localities, as in the peritoneum^ standing in close 
rdation with both the lymphatig and the bloodchannels. 

The intercellular orhErouscon 



constituents oTconnective tissue are of 
two kinds — white fibrous and yellow elastic tissue. White fibrous 
tissue ordinarily occurs as wavy bundles of varying thickness, com- 
posed of silky fibrils of such fineness that, under ordinary amplifica- 
tion, they present no appreciable thickness ; these bundles sometimes 
ran parallel, as in tendon, but more frequently interlace, forming 
coarser or finer mesh-works, as seen in the omentum and subcu- 
taneous tissues. When examined alter teasing, the ultimate fibrils 
of the white fibrous 
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Ussue appear as a 
confijsed mass of 
delicate interlacing 
lines, but in their 
undisturbed relation 
ihej' lie parallel, 
•hatever may be the 
^neral disposition of 
thebundles. Fibrous 
tissue yields, gela- 
tin on baiting in 
water, and swells up 
and becomes in- 
distinct on treat- 
ment with acetic acid. 
Yellowr elastic 
tissue, on the con- *•■'" 
traiy, occurs usually iwiitciu 
as a net-work of dis- ™°'i™"" fii-riu.. 

tinct fibres lying among the bundles of the white fibrous tissue. 
Examined in detail, the elastic fibre appears highly refracting and 
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homogeneous, and possesses a definite width throughout its lengtli, 
although the several fibres forming the same net-work may vary in 
thickness; not infrequently slight triangular thickenings are found 
at the points marking the union of several fibrils. Loosened froit\ 
their attachments, the elastic fibres assume a wavy, bent or coil^^i 
condition, highly characteristic. Elastic fibres do not yield gelatin 
when boiled, but contain elastin, which is probably enclosed withi^i*^ 
a sheath of great delicacy, but of considerable resistance towar^Js 
reagents. 

The most immature, and morphologically the youngest, form 
connective tissue is mucous tissue, a typical example of which 
found in the jelly of Wharton, in the umbilical cord. Here tti 
stellate cells still retain their embryonal characters, and, by the unioi 
of their processes, form a protoplasmic net- work throughout the 
tissue ; the meshes of this net- work are occupied by a semi-gelatinous^ 
indifferent, and but slightly differentiated intercellular substance, 
containing few fibres and occasional wandering cells. 

All gradations of density between the immature mucous and the 
more resistant areolar tissue are supplied by the various stages of 
development. Ordinary connective or areolar tissue, as found be- 
neath the skin and in many other localities, comprises both white 
fibrous and elastic tissue. The former usually occurs as wavy bundles, 

which interlace to form a felt-work of 
Fig- 42. varying compactness ; it is probable 

that the bundles are confined by a 
delicate sheath, strengthened by trans- 
versely and spirally wrapped fibrils, 
whose positions are marked as con- 
strictions, after the treatment of the 
bundles with acetic acid. The indi- 
vidual fibrils composing the bundles 
lie embedded within and held together 

Connective-tissue cells from young um- by a SOft homOgeUCOUS gfOUnd-SUb- 

^™ Utias':^:rw"jr.." «**"<=«' ««^"^ely ""iting them ; in the 
ments slightly developed. deuser tissucs the ground-substaucc 

contains intercommunicating cell- 
spaces and canaliculi, the surrounding areas appearing as a homo- 
geneous matrix. The elastic fibres, in varying number and size, 
form a net-work throughout the tissue. The fixed connective-tissue 
corpuscles lie embedded among or directly applied to the surface of 
the bundles of white fibrous tissue, forming, in such cases, an im- 
perfect wrapping or covering ; within, the interfascicular clefts are the 
wandering cells. 
The density of the tissue depends largely upon the amount and 
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arrangement of the white fibrous element, while its extensibility is 
determined by the proportion of elastic tissue present. When the 

former occurs in well-defined 

bundles, felted together into F'o- 43- 

interlacing lamellae, dense and 

resistant structures result, as 

fasciae, the cornea, etc.; in 

such structures the cement- 

subsUnce within the interfes- 

dcular clefts is usually hol- 

lowred out to form the spaces 

occupied by the connective- 

dssue cells and their pro- 
Tendon represents a dense 
connective tissue, composed 
almost entirely of . white 
fibrous tissue arranged in parallel bundles of varying thickness. 
The primary bundles, made up of the ultimate fibrillse, are held 
together to fonn larger secondary ones, which latter are enveloped 
in a delicate sheath covered by endothelial plates ; the secondary 
bundles are bound together and grouped by connective- tissue septa, 
which are extensions of the thick external sheath wrapping the 
oitire tendon. The larger septa support the blood and lymphatic 
vessels. 

The flattened connective- tissue corpuscles, or tendon-cells, occur 
in rows within the clefts, between the primary bundles, upon and 
between which the thin, plate- 
iike bodies and wings of the 
lendon-cells expand Seen 
from the surface, these cells 
appear as quadrate bodies, 
whose oval nuclei are frequently 
so disposed that those of two 
neighboring cells are m close 
proximity, lying near the ad- Pnm.ry bundiei of whiw fibmui (itndon) tis«ie, 
jacent ends of the cells, from °"'"fh^"""^^''5,.^"h"Turticr'*M t'-^* 
vhich arrangement it follows Dbiiqwindproflieviewi 
that each pair of nuclei is sep- 
arated by the greater part of the length of two cells. Viewed in 
profile, the tendon-cells show as narrow, irregularly rectangular 
Mies; while when examined in transverse section the same cells 
appear as stellate bodies, whose extended arms, passing often in 
several planes, represent the sections of the wing-plates. Each cell 
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occupies a corresponding space within the cement-substance just as 
do the cells of other dense forms of connective substances Elastic 
fibres are almost if not en 
Fig 45- tirely wanting in tendon 

Elastic tissue as usually 
encountered as an element 
of areolar tissue occurs in 
slender fibres where how 
ever the elastic tissue be 
comes the dominatmg con 
— ^ "-— «iv r stituent as in the ligamentum 

Jw-r' ^**~*^ nuchae or ligamenta subflava 

/*V _ >.— -^ *^^ '"*i^ '^^ fibres assume 

— much greater size becommg 

o^TV T^^^^^IX^^ S^'gAntiL ^^'^'■^^ ^"** ^^ considerable 
micnaiudtbeKiidon ceiii (a) >ppi cd to bebundiFi diameter On transverse sec 
tion of such tissue the robust 
individual elastic fibres appear as irregularly angular or polyhedral 
areas ; these are of variable size and held together bya small quantity 
of areolar tissue. The fibres of elastic tissue may become broad and 
flattened out, and so closely placed that they assume the form of a 
reticulated elastic membrane, as HenW s fenestrated membrane of 
the larger arteries ; again, the 
tissue may assume the form of a F'g. 47. 

continuous elastic sheet, as Des- 
cemel's membrane of the cornea. 
The development of the 
white fibrous tissue is still a 
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subject of much uncertainty. It may be regarded, however, as 
established that it is through the agency of the cells, indirect although 
their influence may be, that the fibres of connective tissue originate. 
Two methods are recognized in the production of the fibres. The 
doctrine of the direct mode assumes the transformation of the cell 
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protoplasm into the white fibrillje, the periphery of the cell-body 
becoming the fibres. While such conversion certainly occurs as a 
primary process ( Flemraing) ,*it is probable that the indirect mode, 
whereby the fibres originate within an indifferent matrix, also con- 
tributes to the production of fibrous tissue ; likewise that the young 
fibres increase in size by independent growth. Regarding the de- 
velopraent of the elastic fibres, strong evidence supports the 
t-iew that the fibres are produced by the fusion of longitudinally- 
disposed rows of minute particles, which appear within the indiffer- 
ent intercellular matrix as the derivatives of the cells. 

Adipose tissue must be regarded as a member of the group of 
connective substances, since the accumulation of oily matters within 
the protoplasm of connective- tissue cells is responsible for the highly 




characteristic appearance of the tissue. Whether the fat-cells are 
developed from elements especially set apart for this rSle, or whether 
they are but modified ordiaaiy connective- tissue cells, is still a dis- 
puted point ; there are, however, strong reasons for holding the latter 



V 



Examined after the usual preparatory manipulations, and in places 
where the cells maintain their individual forms, as in the omentum, 
idipose tissue is seen to be made up of relatively large, clear, oval 
or spherical sacs. The transparent contents are limited by a delicate 
envelope, composed of cell-membrane and an extremely thin layer 
of protoplasm ; on one ^i^e of the sac a local accumulation marks 
the position of the nucleus. 

Fat-cells occur usuaTIy in groups, supported and held together by 
areolar tissue, through which ramifies a rich, vascular net-work. In 
localities possessing considerable masses of adipose tissue, as beneath 
the scalp and the skin, the cells are grouped into lobules, and these 
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again into larger masses, or lobes ; where aggregated and closely 
pressed together, the normal spherical shape of the individual fat- 
sacs gives way to a polyhedral form. 

Adipose tissue possesses a rich vascular supply, an arteriole passing 
to each lobule, there to break up into capillary net-works, which 
surround the individual sacs. The development of adipose tissue is 
probably not confined to any particular kind of connective- tissue 
cell, but may involve any of the corpuscles. The granule-cells, 
however, seem to bear a close relation to the production of lat -tissue. 

In those elements about to become iat-cells, a few oil-drops appear 
within the protoplasm ; these increase in size, coalesce, and gradually 
encroach upon the cell -contents, pushing the nucleus towards the 
periphery. This displacement progresses with the increasing volume 
of the accumulating oil, until, finally, the once slender cell is trans- 
formed into a distended vesicle, whose protoplasm is expanded to an 
almost invisible layer immediately beneath the cell-wall, containing, 
at one side, the flattened and displaced nucleus, which now appears, 
in profile, as an attenuated crescent. Observations on starved animals 
show that after the withdrawal and disappearance of the fatty matters, 
the cells are capable of resuming the usual appearance and properties 
of connective-tissue corpuscles. 



CARTILAGE. 

Cartilage represents a dense connective tissue in which the in^^gr- 

cellu lar substance has undergone great condensation. Depending 

^upon the variation in the 

^' character of the matrix 

between the cells, three 

varieties of cartilage are 

recognized — hyalme, 

elastic, and BBtous. 

Regarded in their re- 

y- lationship to the denser 

, connective tissues, the 

/ order of enumeration 

should be reversed, the 

fibrous variety standing 

Hy.i ^t CI ^c from h= nb h„ « . u cmbiddtd '^^''t and differing but 

wilh n he l.oina t her • ng > n pa « oi n gruupt little from tCndon. SlUCe 

^piy^uVngi^""""""""'"'"""""™"""" by "cartilage" the typi- 
cal hyaline variety is 
usually understood, that form first claims attention. 

Hyaline cartilage, so named from the transparent, apparently 
homogeneous character of the intercellular matrix, enjoys a very 
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wide distribution, occurring as the articular cartilage of bones, costal 
cartilages, the larger cartilages of the larynx, trachea, or bronchi, 
nose, Eustachian tube, etc. ; in the embryo the entire skeleton, with 
the exception of the vault of the cranium, the bones of the face, and 
the greater part of the lower jaw, is mapped out by primary hyaline 
cartilage. 

The homogeneityLof the hyaline matrix is only apparent, since, 
as long ago pointed out by Leidy, the intercellular substance may be 
resolved into bundles of fibrous connective tissue, which, however, 
are so closely united and intimately blended by the cementing ground- 
substance that the presence of the fibres is, ordinarily, not evident. 
After prolonged boiling, cartilage matrix yields chondrin. 

Embedded within the hyaline matrix lie the cartila gCHaBlls ; 
these are irregularly oval or angular nucleated p rQtopJ asinic bodies, 
which, during life, probably fill the spaces, or lacunae, which they 
occupy. In adult tissue usually two or ''-^^"^ 

more cells share the same compartment, l^'o- 5o- 

the original occupant of the space having 
undergone division, so that two, four, or P; 
even more daughter-cells form a single 
group. The matrix immediately sur- 
rounding the lacuna is specialized as a 
layer of different density, thereby as- 
suming the appearance of a distinct limit- 
ing membrane, described as the capsule. 
A further differentiation of the ground- 
substance is seen in the greater intensity 
with which the more recently formed 
matrix enveloping the cells stains; such re- 
sulting figures constitute the cell-areas. 
It is to be remembered that the cartilage- 
cells are but connective-tissue cells, and 
that the lacunae correspond to the lymph- 
or cell-spaces found in other dense 
connective tissues. Since it is usual to 
find these cell-spaces in communication 
through minute channels, or canaliculi, 
their absence and the apparent isolation 
of the lacunae in cartilage are to be regarded as deviations from the 
typical arrangement; among some lower forms, however, such a 
communication exists^ the minute canaliculi passing between the 
neighboring lacunae. 

The free surface of the cartilage is covered by an envelope of dense 
connective tissue, the perichondrium ; this consists of an external 




HyaUne cartilage with perichon* 
drium (/) attached : y^ zone of 
youngest cartilage-ccUs ; m, hyaline 
matrix enclosing the lacunae contain* 
ing the cartilage-cells : /, space from 
which the cell has been lost. 
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^Mf'nhTffas layer of dense fibrp -elastic tissue and an inner, much 
looser stratum, between the fibres ol which are numerous connective- 



tissue cells. This inner portion is intimately concerned in the pro- 
duction of new cartilage, and is known as the chondrogenetic layer. 
The cells of the latter arrange themselves in rows parallel to the 
sur&ce, and gradually assume the characteristics of the cartilage 
corpuscles, being at first spindle-shaped, but gradually assuming the 
more spherical form. The new cells soon become surrounded by the 
recently -formed matrix, which, at first small in amount, soon in- 
creases so that the groups of cartilage- cells become separated by 
more extensive tracts of intercellular sut>stance ; as the nests of cells 
formed by the division of the original single occupant of the lacuna 
recede irom the perichondrial surface they lose their primary parallel 
disposition and become irregularly arranged and further separated. 
Sometimes in those portions most removed from the perichondrium 
the ground-substance appears granular ; this feature is intensified 
when a deposition of calcareous matter takes place, which not infre- 
quently happens in old subjects. 

Elastic cartilage is distinguished by the presence of elastic 
fibres within the intercellular substance. The typical hyaline matrix 
is confined to areas of 
Fig. 53. limited extent immedi- 

ately surrounding the 
cell-nests, while the in- 
tervening matrix is 
penetrated by net- 
works of elastic 
fibres extending in all 
directions. The cells 
within the lacunx, in 
the midst of the hy- 
aline areas, resemble 
closely the usual ele- 
ments of hyaline car- 
tilage. Elastic cartilage 
has a much less general 
c,«uc araiipMrom in, .pi. riBro-carfugt irom .1.= distribution than the 

groin.; f. ™mlag«:tll. tur- linM-joiBl : c. cimiliig^ l i- 

rounded by ..cry limiicd*™ of «ii. Kirroundtd by vtry iiyahne variety, occur- 
by.iiiH!in>iriic(«iMhr renaming limited ireu of hyiiine rjng. principally in the 

pu. of <he InUrcclluUr >ub>un« iru.lrix (*> ; .he .p»« be- J,, *^ ^, \, 

i> peneinud by Hi-works of tw«i> ihw utu ■) oc<:u- cartilages of the ex- 
d««u:fib«<,), cr«..«oiioMof piedby.hefibrou.tiHue. tgrnal ear, part of the 

which ipptur at minute poiDU, 1- . l- l 

eustachian tube, epi- 
glottis, arytenoid cartilages, cartilages of Wrisber^ and of Santorini. 
This tissue presents an opaque, yellowish tinge in contrast to the 
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^lalescent, bluish tint of the hyaline variety. It is covered by a 
perichondrium of the usual description. 

Fibro- cartilage, as implied by its name, is largely composed of 
interlacing: bundles of fibrous connective tissue, embedded in 
which the round or oval cartilage-cells lie, singly or in groups, 
immediately surrounded by a narrow zone of hyaline matrix. 
The number of the cells and the proportion of fibrous tissue present 
differ in various specimens. 
J Fibro-cartilage is found in comparatively few localities: around 
the margin of articular surfaces and within certain joints, the sym- 
: physes and the intervertebral disks, constitute its chief distribution, 
t. The tissue is closely akin to tendon, presenting a white, tough, re- 
Z sistant but pliable tissue. A proper perichondrium is wanting. \ 

i The development of cartilage proceeds directly from the ele- ^ 
ments of the mesoderm. The primar y close aggregation of the 
Kpbryonal cells, which early indicates the posiMon ~of^tTie_falure. 
'ortijage, subsequently gives way to a looser disposition of the cells, 
"^sultrng from the appearance of the y oung matrix . After the 
fonnation of the perichondrium, the cartilage grows by the addition 
01 new layers beneath the membrane. 

BONE. ■ '^ ' .1, '■-'-■':;.!, 

"One is a dense form of connective tissue impregnated with lime 
^Its. Composed of the same histological elements as other compact 
connectiye tissues, bone differs from these in having a deposit of 
calcareous matter within the interfascicular ' 

cemeTn.substance, to which peculiarity the ^"'^53 "* 

]?J™*c.»iown hardness of the tissue is due. 
"f »iiicroscopical appearance of bone 
^e^ with the character of the prepara- 
"' especially as to whether the earthy 
^^^ has been removed before sectioning, ' 
'"'■Aether thin plates of dried bone are / 
™*»ned; it is in sections of dried bone f 
■•^lie classical pictures of this tissue are 
seen_ 

^Tiendent upon the arrangement of the 

™'^*~'x, two varieties of bone are recog- Tra^jvcw waionordrifdhonf : 

nize<l — sgoiwy and CQiQ^ct. Although */""' °? ''" "'"7^ ""''*' 

w* spongybone is, as we shall see, the eeniricaiiy duipoMd, coniiiiuiing 

wntJamental form, yet the compact variety '•" ".vmiui *yiKm); ^, th« 

!__. „ '■' ,'^ .... ground or imeraitlnltoiMllje. 

aion« presents all the structural pecuhanties 

o' the tissue. A transverse section of the compact osseous tissue 
cOi^stituting the shaft of one of the long bones presents a number 




■«:;■■ 
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of round or oval openings — the Haversian canals — each sur- 
rounded by a broad band or zone composed of conccntrically- 
disposed lamellsc ; the canal and the 
~ surrounding lamella form an Haversian 
. system. Seen in longitudinal sections, 
the Haversian canals appear as extended 
channels, some closely corresponding in 
their course with the general axis of the 
' _ bone, while others run obliquely and es- 
, ,, tablish free communication between the 
.,' ' adjacent canals. The concentric bone 
■ •( \ lamella in such sections appear as parallel 

■] ' " I , bands bordering the large channels. The 

' i Haversian canals communicate with the 

,. central marrow-cavity, of which they 

J ■ ■ ^ V ; are really continuations; variable in width 
■! \ ' ' and length, each canal contains an extension 

of the bone-marro^, comprising a delicate 
connective-tissue reticulum, rich in cells, 
blood-vessels, and lymphatics- 

The areas between the Haversian systems 
are filled out by osseous lamelUe, disposed 
without regard to the concentric systems ; these are the interstitial 
or ground lamellse, and represent the older parts of the bone, being 
the remains of the primary spongy net-work of periosteal bone. 
The concentric lamellae constituting the Haversian systems are 
secondarily deposited within the enlarged spaces of the bony reticu- 
lum. In addition to the lamellae already mentioned, superficial os- 
seous strata encircle the bone on 
Fig. 55- both its outer and inner (medul- 

lary) free surfaces; these are 
the outer and inner circum- 
ferential or fundamental la- \ 
mellsc. 

Between the bundles of the 
ground - matrix spindle - shaped 
spaces — the lacunae — are seen, 
fi^m which minute channels — the 
canaliculi — radiate in all direc- 
tions ; these dark, stellate figures with their minute lateral canals form 
a system of intercommunicating lymph-spaces within the bone; the 
canaliculi belonging to the same space or to the adjoining lacunx 
of the same Haversian system anastomose with one another, but not 
with the canals of different systems. 




The lacuue and camlici 
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In dried bone the spaces are filled with air, the lacunx and cana- 
liculi consequently appearing dark and sharply defined when viewed 
by transmitted light. The lacunje, sometimes improperly called 
" bone-cells," in dried preparations are empty, or, at most, contain 
the remains of the soft, protoplasmic bodies, the true bone-cells, 
which during life partially fill the spaces ; these, like the cells of other 
dense connective tissues, lie within the lymph-spaces of the ground- 
matrix. In sections of young, well-stained, decalci- 
fied fresh bone, after the usual manipulations, the ^'°- ^■ 
bone -corpuscles are seen as nucleated, stellate, '"^m- 
protoplasmic bodies, whose processes extend into ^^^^^^ 
the canaliculi ; in adult and old bones, however, the ■i^M^ 
cells become reduced in size and very inconspicuous, !3^°X^ 
The lacunae being lenticular, they present different * bom-cii iyiD( 

^ ,, " ,,..■' ."^ ... , within Ihe licunjior 

figures accordmg to the direction m which they are ox oucoui ni»iTii: 
sectioned: cut transversely, they appear as short, dtc»icified »nd 
narrow ovals ; opened longitudinally, but not parallel 
to the lamellae, they are seen as long, narrow, elliptical figures ; while 
when cut longitudinally, and at the same time parallel to the lamellx, 
they present a broad, oval surface, sometimes almost circular ; the 
canaliculi, extending in all planes, appear much the same in all 
sections. 

The periosteum, an envelope of vagojjlar connective tissue, 
closely invests the outer surface of all bones except the articular 
^facets. This important A ■> ' < e , ■ f r- . , - < .~ ■ "^ 

structure is composed of Fic 57- 

two portions — an outer, ^ fl 

dense, protective, fibrous t^ /) 

layer, and an inner, much ~ * """^ 

looser stratum, rich in ' "*^ 

cells and blood-vessels, -, 

which, from its intimate 
relations to the formation 
of bone, is known as 
the osteogenetic layer. 
This latter contains within , 
its meshes numerous 
round or spindle cells, 

many of which later be- '^g""" omiram m .umcc « ■ aeoic n«i r»>> A 

•' . , Htirncc B obi que v *w s Sbarpey t peifDraUDS nbnft 

come bone-forraing ele- / hi a ode 
raents — the osteoblasts. 

If a decalcified bone be sectioned parallel to the superficial lamellae, 
especially if these be of a spongy bone, or if the outer lamelUe be 
forcibly torn off, a number of transverse or perpendicular fibres of 
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more or less delicacy will be exposed ; these are the perforating 
fibres of Sharpey, and represent periosteal fibres which have failed 
to undergo calcification ; of these Kolliker recognizes two kinds — 
those entirely soft and uncalcified, the most numerous and, at the 
same time, the smallest ; and those partly calcified and of larger size, 
which, in fact, are bundles of fibrous tissue. Sharpey's fibres are 
most numerous in the superficial lamellce of spongy bones, although 
found in the interstitial lamelbe of other bones, pinning together the 
lamella which they transfix. The perfo rating fibres, being derived 
fi'om the periosteum , n ever o ccu r in the l amell a of the Haversian 
systeins, since the latter, it will be found, are not directly produced 
by the periosteum, but as secondary deposits. 

Additional elements of the bone-matrix are the elastic fibres, 
which are found in the outer fundamental la mellae, as well as occasion- 
ally in the deeper interstitial lamella; tKese elastic^fibres are generally 
associated ^with the uncalcified Sharpey's fibres ; not infrequently the 
elastic fibres are contained within the uncalcified bundles of fibrous 
tissue composing the large perforating fibres. . 

Marrowr of Bone. The cavities within bones, as well as the 
elaborate intercommunicating nutrient channels extending through- 
out the osseous tissue, are filled with the highly vascular marrow, 
which genetically is an extension of the osteogenetic layer of the 
periosteum, since the primary marrow is a direct ingrowth and ex- 
tension of this latter tissue. The marrow of all bones in very young 
animals is red in color ; after a certain time, however, that con- 
tained within the shafts of the tubular and the spaces of some 
other bones assumes a lighter 
tint, finally becoming of a 
straw color,_pwing to the 
. accumulation of fat within 
J the marrow-cells. Depend- 
ing upon this difference, two 
varieties— the red marrow 
jfc^ and the yellow marrow — 
-_^ are recognized : it is to be 
kicn.«.c>o(.edn..r>i>w >ii>i»d .nd h.ibi m , remembered that the red 
fied a v»iiaij.fotr.tofni.no*-cdi. ^ HHinophiiic marrow is genetically the 
«u^(,m™-crii;rfgi««-ceU;r,nuci=«ed,«ihi™j- q\^^^ ^^^ represents the 

dlli; f.nd blood-cell. '^ 

primary condition. 
The elements of the red marrow comprise a delicate connective- 
tissue reticulum supporting a rich vascular distribution, composed of 
arterioles breaking up into numerous capillaries, which, in turn, give 
place to venous radicles of lai^e size and extremely thin walls. The 
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meshes of the tisisne contain great numbers of sofl, plastic connective- 
tissue elements, the i narro w-ce lla , which, while closely resembling 
ihekucocytes, differ from the blood-cells in possessinga nucleus larger 
but lessrich in chromatin. Larger eosinophilic celts, modifications 
of the marrow- ceils, are also encountered. Additional huge multinu- 
dealed elements exist as the giar^^cclls, or myeloplaxes (Robin) ; 
these are of interest as beingt^)ecially concerned jn the absorption 
of osseous tissue, b^ng identical with thejlstcoclasts (KoUiker). 
"Developing nucleatea red bloo3-cens^the erj^throblasts — are im- ' 
portant constant elemenSTlSast-cells, with eosinophilic granules, • 
are also found^soc^ional constituents of the red marrow. 



DcDtine is analogous to bone, although differing in details of 
aiTaiige5ient, since it b derived from embryonal connective tissue. 
The matrix becomes calcified, and contains, embedded within the 
ground-substance, numerous long, parallel, partly -branched tubes, 
the dentinal tubules. These correspond with the lacunae of bone, 
enclceinglrr^ome" places delicate processes, the dentinal fibres. 
A more extended account of the structure and development of den- 
tine will be found in connection with the structure of the teeth. ^ 

Development of Bone. With the exception of the bones of 
the vault of the cranium, of the &ce, and of part of the lower jaw, 
the skeleton is mapped out, in its fcetal condition, by solid cartilages 
which correspond in form more or less 
closely with the future bones. The 
pnoiary embryonal cartilage is of 
the hyilihe variety,"'Bemg~extremely 
nch in cells, many of which are engaged 
"1 division; the cell-groups are separated 
^ a relatively small amount of inter- 
cellular substance, and the outer sur&ce 
™ these solid cartilages is closely in- 
i^ed by an important membrane, the 
pfimary periosteum. 

When bone is formed at the centres 
of ossification within the cartilage, it is 
'*"'ied endochondral bone ; when 
^^ (fifectly Troin an3~Beneath the '^'*"'^- 
Pttiosteuin, perio8t»l bone. While quite complicated in its 
sequence of changes, it must be remembered that endochondral 
tlevelopment results in the formation of structures which are largely 
temporary, and which finally, for the most part, suffer absorption. 
The permanent bones of the skeleton are, chiefly, the products of 
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the periosteum ; where bone is developed directly from the peri( 
and without being mapped out by primary cartilage, the pr 
spoken ol as intermembra nous bone- formation, althougl 
ing in no important respect from that producing the periostei 

Endochondral Bone. The first indications of the fiitu 
Tnund '■hang"' within the "inlid Cartilage correspond in pos 
the so-called centres of ossifii 
P'G 60 and consist in an increase in t 

of the embryonal cartilage- cells. 
as in the amount of intercellul 
stance separatingthe cell-nests, f 
by a characteristic rearrangen 
the enlarged cells into vertica 
or columns ; in the matrix betwi 
around these columnar group; 
careous deposit coincide ntly 
place. These enlarged cartilag 
surrounded by the calcified mat 
iK^J^iZ^I'^of ™^d 'he primary areola of Sharp. 
uRii*gc>iicunK and esitifiid nuirii : c, ' Simultaneously with the i 
jrouog c«ni »g=-cn 1. noted the osteogenetic tissue 

periosteum has increased and sent processes from a number o 
into the solid cartilage towards the centre of ossification ; the f 
of the periosteal ingrowth is accompanied by the absorptioi 
cartilage until the focus of central calcification is reached, w 
greatly enlarged cartilage- lacuna are opened up and the 
brought into direct communication with the primary m; 
cavities. The fate of the i^rtilage-corpuscles has been I 
ject of discussion ; it may be assumed as established that tht 
undergo degeneration and play no part in the formation of 1 
bone. This periosteal ingrowth constitutes the vascular, 
of the cartilage. The process of breaking down the cartila 
and opening up the large lacunse goes rapidly forward, rest 
the extension of the primary marrow -cavity; the primary m 
filling this latter space, is, as already pointed out, the direct 
live of the inner byer of the periosteum. 

The primary marrow -cavity, or medullary space, soon be 
of considerable size, is bordered by the zone of calcifying car 
this area includes the columns of flattened cells and enlarged 
which pass into the broken and partly -absorbed larger lacu 
secondary areolse, opening into the primary marrow-cavitj 
While the horizontal matrix septa between the transver: 
panded lacunee disappear, the vertical partitions lying betw. 
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columns of the cells suffer much less reduction and as a result 
remain and project into the marrow cavity as irregular trab^culae ^ 
aldfiedcsEtilage The marrow cells rapidly multiply and arrange 
ihemselves as a layer upon 

■ thesuilaceof the cartilage f'o ^t 

■ trabecul» ; now called ■^V- 
osteoblasts, they busy 3!^ 

tliemserves in enveloping «■ . _ ^ « -^, 

these with a covering of ~ « * «>"»» *«.*' 
true osseous tissue Si 
multaneoflsly'~with the 
deposition of the bone the 
cakiAed cartilage withm 
the tnbecul* undergoes 
absorption. So that the 
amount of cartilage en 
(as«i by the new bone 
gradually diminishes and 
finally disappears the 
entire net-work of anas 
tomosing trabeculee being | 
now (imposed of true os 

, seous tissue. This newly 
wnned net-work consti 
'utes the central I 
primary spongy bone 
a stnicture which m the ' 
shalts of the long bones 
■s but temporary after 
]*ards entirely disappear 
'ig, except at the ends of 
t™ bones, where it per 
^ as the cancellous 

tissueof the extremities „ __ . .._ 

. It will be noticed that "•' "« «™"» "> '^ •"• "'"""' '^""'»«=-""'"'- 
I" the changes above described the cartilage is not directly converted 
into bone, ossification being a process of substitution^ the new bone 
replacing the primary cartilage. 

Starting near the middle of the long bones, the process of calci- 
fication md absorption of the cartilage and the formation of the 
primary spongy bone proceed towards the extremities, the original 
'^'|i%e gradually disappearing, the growth of the young bone being 
"Maintained by increments of new cartilage deposited at the ends be- 
neath the perichondrium. 
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Periosteal Bone. Simultaneously with the formation of the 

central spongy endochondral bone the cells of the osteogenetic layer 

of the periosteum are actively engaged in likewise producing osseous 

tissue, the trabeculse of which unite 

Fig. 6a. to form the peripheral net-work of 

periosteal bone, thb in many 




Developing bone— (rabecuU of 



Eubtorbed lenuiu of calcifietl cart i l a g fr nut 



places forming an outer envelope closely embracing the central endo- 
chondral bone. 

The details of the process by which the osteoblasts are converted _ ^ 
into the bone-cells are the same in both the intracartilaginous andi^^^- 
the periosteal formation. The bone-matrix, deposited through th^ 
agency of the cells, gradually accumulates around the osteoblast, untiC -*- ^ 
this lies completely surrounded by the young matrix, when, after it^^-^^ 
isolation from the marrow -cavity, it becomes the bone -corpuscle ^^ — 
At first the canaliculi are wanting, as are, also, calcareous matters -^ ' 
these later appear. 

The conversion of the original spongy into compact bon^^' "^^ 
depends upon the development of additional lamellx within th — ^^ 
meshes of the primary osseous net-work. As an initial step, a loc^^^^ ^ 
absorption takes place, resulting in the enlai^ement of the pr — ^* " 
mary medunary spaces contained between the trabeculse of tl^ ^^ 
periosteal net-work ; these osseous bands are thus reduced to th£- *'* / 
bony partitions between large oval cavities, the Haversian spaces — 
A new groii-th of bone subsequently takes place ivilkin these sp^e-^r 
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the osteoblasts depositing new bone upon the walls of these cylin- 
drical cavities, layer upon layer, until only a small central channel — 
the Haversian canal — remains as the representative of the large 
Haversian space. The outer boundary of the Haversian system, 
therefore, corresponds to the limits of the Haversian space, while 
the remains of the primary bone-trabeculcE constitute the older 
interstitial lamelliB of the adult tissue 

Osseous tissue wherever developed is formed through the 
agency of the osteoblasts the denva 
tives and descendants of the special 
ized mesoblastic cells of the embryo, 
whether m endochondral or periosteal 
formation the bone producing elements 
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DevelopmE twnp — both pcnoateal and endocbDndrml Develop ng bone— ongi ud Dal uc [on 

^ oolFT 6broD* ' bner «(«gei1euc larer of p«io»- of embryonal phalaDji f he pnnury 

Unm / Irabeculs of penoileal T»De covered by he cart la^e of hcectrcm efl of the bone 

; w, primuy muroW' d, lone of enlarged and vetlica1]y-dla- 

calioD ; /, irabecoliB of calcified canilagc 



arrange themselves over the surfaces of the cartilage-trabeculte or the 
periosteal fibres respectively, and soon are surrounded by c 
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matrix ; this gradually thickens and encloses the osteoblasts, which 
now He within minute bays or recesses, the entrances to which become 
gradually contracted, until the opposed 
^"^- ^- edges join and the cells lie within lacunae 

completely surrounded by the bone-matrix : 
the osteoblasts have now become the bone- 
cells. The matrix is deposited as lamellae, 
especially marked in the bone formed in the 
later stages of ftetal life ; between these are 
included the lacunae. The matrix is at first 
soft and exhibits an indistinct fibrillated 
structure in which the subsequent deposit 
g bone-portioo at of lime salts — principally the phosphate and 
ctMbecuU undtnoing .iHorp. carbonate — takes place. 
bi«^:K,boM-MirixrD,miwi When, on the contrary, bone or carti- 
nuciuied oiicociui lying wiihio lage is absorbed, it is through the agency 
i^«tai)rpiioii-pii, or Dwi ipi ^j- ^j^^ giant-cells, the osteoclasts, or cAtm- 
droclasls (Klein); these large multinucleated 
elements usually lie upon the surface of the bone-trabeculce within 
larger or smaller pits which have been excavated by them ; these 
are Howship's lacunae. 

In recapitulation, the following summary of the phases of de- 
velopment during the growth of a tubular long bone may be 
noted: 

1. Solid embryonal cartilage. 

2. Enlargement and rearrangement of cartilage- cells and lacuna 
and calcification of matrix at centre of ossification. 

3. Penetration of periosteal tissue to the focus of calcification ; 
vascularization of the cartilage. 

4. Formation of medullary spaces by the breaking down of lacunie 
surrounded by the zone of calcifying cartilage. 

5. Covering of the surface of calcified cartilage trabeculae by the 
layer of osteoblasts and i^G production of an enveloping sheath 0/ 
true bone. 

6. Resulting central net-work of endochondral bone, with gradual 
absorption of encased cartilage trabecule. 

7. Absorption of central spongy bone in shaft and formation of 
central marrow -cavity. 

8. Formation, meanwhile, of peripheral periosteal net-work of 
spongy bone. 

9. Conversion into compact bone by partial absorption of tra- 
beculae to form Haversian spaces ; secondary deposit of concentric 
lamellae within these spaces forming Haversian systems of compact 
bone. 
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10. Absorption of inner lamella of compact bone as the shaft 
increases in diameter by the deposition beneath the periosteum; 
production of enlarged medullary cavity. 

11. Continued absorption of endochondral central bone until the 
latter is found alone in the epiphyses, where it continues to be pro- 
duced at the expense of the intermediate cartilage during the entire 
future growth of the bone. 



/ 



/ 
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CHAPTER IV. 

THE MUSCULAR TISSUES 

Contractility is possessed, to a certain degree, in common by 
all cells rich in active protoplasm ; the distinguishing characteristic 
of muscular tissue, however, is that this property is so conspicuously 
developed in highly specialized structures, and that the contractions 
take place along definite lines in limited directions alone. Con- 
tractile tissue or muscle occurs in two principal forms: (i) as the 
non-striated, smooth, or vegetative muscle, usually beyond 
the control of the will, and hence called involuntary ^ and (2) as the 
striated, striped, or animal muscle, which, being influenced by 
volition, is known as voluntary. 

The sharp differences separating the two groups of muscle in man 
and the higher animab cannot be regarded as fundamental, since in 
the embryonal condition of these higher forms temporarily, and in 
the adult form of the lower types permanently, the striped and non- 
striated varieties of muscle depend upon the degree of specialization 
rather than upon inherent differences. It is a suggestive fact that 
long before the cells forming the embryonal heart show indications 
of differentiation into muscle-tissue the contractions of the organ 
have commenced. The association of the striped fibres with response 
to the will and, on the contrary, of the plain tissue with involuntary 
action must be, likewise, only provisionally accepted, since in some 
animals the development of marked striae never takes place in the 
voluntary fibres. Standing between and connecting the extremes 
of these groups is the cardiac muscle of the higher vertebrates, in 
which the fibres are striated, although beyond the control of the will, 

NON-STRIATED OR INVOLUNTARY MUSCLE. 

Non'Striatedy smooth^ or involuntary muscle ^ while never occurring 
in large individual masses, enjoys a wide distribution ; its principal 
localities are — 

1. The Digestive Tract: the muscularis mucosae from oesophagus 
to anus and the delicate bundles of mucosa and villi ; muscular tunic 
from the lower half of oesophagus to anus. 

2. The Accessory Digestive Glands : in the large excretory ducts 
of liver, pancreas, and some salivary glands ; also in the gall-bladder. 

3. The Urinary Tract : in the capsule and the pelvis of kidney, 
ureter, bladder, and urethra. 
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4. The Male Generative Organs: in epididymis, vas deferens, 
tf'esicula seminales, prostate body, Cowper's glands, cavernous and 
spongy bodies of penis. 

5. The Female Generative Organs: in oviducts, uterus, and 
vagina ; in the erectile tissue of external genitals ; in the broad and 
the round ligaments, and in the erectile tissue of the nipple. 

6. The Respiratory Tract: in the posterior part of trachea; 
encircling bands in bronchial tubes, and bundles within pleura. 

7. The Vascular System: in the coats of arteries, veins, and 
larger lymphatics. 

8. The Lymphatic Glands : in the capsule and the trabeculse of 
spleen ; sometimes in the trabeculae of lymphatic glands. 

9. The Eye : in iris and ciliary body, and in eyelids. 

10. The Integument: as the arrectores pili connected with the 
hair-foUides ; in sweat and some sebaceous glands ; in skin covering 
the sCTotum and parts of the external genitals. 

Tmmiiir^l*H-y nrt^^<y/^i^ jg composcd of dcHcate spindle, often rib- 
J^QQcHke, fihrft-r,e1lR ; these vary 
greatly in size, measuring 75-225 Fig. 68. 

A** long and 4-8 fi wide. The 
cells found in arteries are short 

Fig. 67. 





**^*^d iQYoiunury-muscIe cells from intestine 
of man. 



Involuntary-muscle cells from mesentery of 
newt: n, nuclei; y, axial fibre; m, transverse 
markings on surface of cell ; B, muscle-ceH with 
forked extremity. 



^dflat, being but 25-45 f^ 'oi^g ^^^ 9"i2 ft wide; the largest ele- 
ments are found in the gravid uterus, where they reach a length 



* I jii {micron) = the loooth part of a millimetre. 
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of over 500 ;» and a breadth of 20 f. Occasional celb with bi- 
fiircated ends are encountered, especially among the lower verte- 
brates. _^ 

The spindlef mflscle-cell is invested with a very Slelicate, homo- 
geneous, hyaliiie SKeath^ closely resembling elastic tissue, and 
corresponding to the sarcolemma of the striated fibre ; within this 
envelope lies the soft, semi-fluid, contractile protoplasm, embedded 
in which, near the centre of the cell, lies a characteristic, narrow, 
rod-shaped nucleus. Delicate longitudinal fibrillEe usually can 
be made out' extending the entire length of the cell ; these are re- 
garded by many hbtologists as representing the actively contractile 
parts of the cell, the surrounding protoplasm being largely passive. 
Transverse markings are also often seen ; these correspond in posi- 
tion to local variations in the diameter 
of the cell, and are probably due to 
corrugations in the enveloping mem- 
brane. 

The individual spindle-cells are closely 
fitted together and united by an albu- 
minous cement- substance ; they are dis- 
posed in groups or bundles, which, on 
cross-section, are made up of rounded 
polygonal areas of varying size, the 
larger possessing round nuclei, while the 
smaller have none. Since these areas 
are the sections of nucleated spindle- 
cells, the large nucleated fields corre- 
spond to sections passing through the 
nucleus of the cell, while the small ones are sections of the cell fall- 
ing near the pointed ends. The bundles of muscle-cells are arranged 
to form layers or sheets, as in the digestive tract, or net-works, 
as in the eye, pleura, etc. 
Examined in longitudinal sec- 
tion, or in considerable masses, 
it is difficult to distinguish the 
individual component fibre- 
cells, the involuntary muscle 
in such cases closely resembling 
fibrous connective tissue; how- 
ever, the numerous more or 
less regularly disposed rorf- 
skaped nuclei, and the absence of the delicate wavy fibres, together 
with the impression of greater density, usually sufhce to establish 
the identity of the muscle. 




Involunuiy ihukLe in 
KclEoa: poniaiu of three 
Rprctcnlcd, icpualed 

li^ui* of tbe iDuulece 
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The connec tive tissu e uniting the larger bundles of muscle-cells 
!;upports the blood-vessels and nerves. The larger blood-vessels 
breajc up into capillary net-works, which pass between the muscle- 
cells. The nerves, de rived principally from the sympathet i c ^sy stem , 
likewise penetrate the rntercellular spaces and terminate between the 
cells in the manner more fully described in the chapter devoted to 
nerve-endings. Lymphatics occur, as in parts of the digestive 
tract, closely associated with the muscular tissue. 

STRI A TED OR VOL UNTARY MUSCL^^ 

Striated or voluntary muscle, in addition to the extensive system 
attached to the skeleton, supplies the special muscles connected with 
many organs, including the tongue, pharynx, middle ear, larynx, 
upper half of the oesophagus, diaphragm, generative organs, etc. 
This form of muscle is composed of long, irregularly cylindrical fibres, 
adi of which represents the hi gh specializati on resulting from the 
development of the single o riginal em bryonal cell ; the fitoe is, 
therefore, the sn -yctnr:^ ] unit nt tnp ■trri.i^pfi miisnilar tissue, and 
corresponds to the spindle fibre-cell of the involuntary variety. The 
fibre of striped muscle comprises (a) the sarcole mma, (d) the muscle- 
nuclei, and (f) the muscle- substance 

tach fibre is closely invested by a clear, homogeneous, elastic 
sheath— the sarcolemma— which, ordinarily so tightly adheres to 
the endosed muscle-substance that the two are 

optically blended together; in favorable positions Fio 71 ' 

^*here breaks in the sarcous substance occur 
•If after the action of water, the sarcolemma is 
'fparated from the muscle- substance, and is then 
s«n in profile as a delicate line spanning the 
''frak in the continuity of the fibre. The sar 
•^ienima forms a closed sac completely envel 
°P"ig Ihe contractile substance of the fibre. 

Immediately beneath the sarcolemma, lying 
wihin minute depressions on the surface of the 
""iscle-substance, are the musclc-nuclei ,, 

'nese are iQ|al or fusiform, ug^iially placed 
P"allel to the long axis of the fibre, and sur ^ 

™"n<ied, especially at their ends, by a small „™:hr'bTu« ^ 
^Ouni of granular protoplasm. These accumu ireatment *ih »«itf, 
TOOns represent the meagre remains of the '."nKve^Jp^c™™"' 
indifferent protoplasm whicHTias not undergone 
J^nversion into the highly specialized muscle- substance of the fibre. 
"^ iQamiTiali^n miitrlf the nuclei lie always upon the syrjacp of the 
^fwiis substance of the fibre and immediately beneath the sarco- 
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iM*-*- "v^ V^i,*!. 1 n'v^At'-^- 
lemma; in the majority of other vertebrates, however, the nucleic 
are distributed irregularly throughout all parts of the contractile 
substance. These differences are well shown in the accompanying^ 
figures. 1 

The muscle -fibres present alterT)a|b light and dark transvers^s 
markings, or strite, to which the tissu^wes its characteristic appeai~ — 
ance. The h'ghly spe alized ^, 

contents o he sa o emma a e f __^ ' '^ ^ 

composed o w ub tan es po 
sessing diffe en fra e p op 
erties, tha form ng he dark 
bands being doub y e ra ting 
or anisoirop wh e ha of 




the light stricB is singly refracting, or i sotropi c. When fresh or 
well-preserved mammalian muscle is exammed under high am- 
plification it is seen that the d ark stri je.^rtransyera e dis ks, are 
not unbroken homogeneous bands, but that each is composed of a 
number of minute prismatic elements placed side by side and sep- 
arated from one another by a thin layer of a substance corresponding 
to and continuous with that forming the light zone. This latter, in 
addition, is divided transversely by a delicate interrupted line or 
row of dark dots — the intermediate disk, or membrane of Krause. 
That part of the light zone between the dim intermediate and trans- 
verse disks constitutes the lateral disk. 

The explanation of these appearances has caused many and pro- 
longed discussions, and even at present, notwithstanding the careful 
study bestowed upon the subject, the exact structure of voluntary 
muscle must be regarded as still unsettled. Heretofore two promi- 
nent and opposed views have prevailed : the one regards the fibre as 
composed of parallel longitudinal rows of minute prisms forming 
fibrillse (as rows of bricks placed end to end); the other considers 
the fibre as built up by the apposition of their disks, whose diameter 
corresponds to that of the entire fibre (as cheese-boxes piled one 
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Upon the other). After treatment with ^Icoh ol, the fibres of striped 
muscle readily split up lengthwise into flelicate bundle s, which, with 
care, may be subdivided to such an extent that the resulting threads 
embrace in their width only a single row of alternating light and 
daA: elements. These ul timate fibri llgp were formerly considered 
by Kolliker as the normal elements of the fibre ; the dark prisms of 
these fibrillae correspond to the sarcous #>^gTn^"<'«, which were 
regarded by Bowman as the component units/of muscular tissue. 
The transverse cleayag e of the fibre folTdwmg the action of diluted 
mineral acids^ x^nthe other hand, has been upheld as representing ' 
the natural division. According to Krause, the fibre is divided 
through the light bands by a number of transverse partitions con- 
tinuous with the sarcolemma ; these assumed septa appear as delicate 
faint lines — the membranes of Krause — ^and are identical with 
the intermediate disks already mentioned. Adopting this view, the 
fibre is composed of numerous thin zones or contrac tile disks, 
each of which embraces the dark dim band in its centre and half of 
the light stripe at either end. Each contractile disk is further sub- 
divided by vertical partitions extending between the neighboring 
membranes of Krause, thus forming in every disk a row of com- 
partments or muscle-caskets. The portion of the dim band con- 
tained within each muscle-casket has been regarded as itself being 
composed of a series of thin prisms of contractile substance — the 
muscle-rods. 

After renewed critical study of the subject, Rollett has presented flr^' • / 
a view regarding the structure of voluntary muscle which not only 
offers the most plausible solution of this difficult problem, but is, 
*|^ewise, in harmony with the history of the development of the 
^e. According to this theory, the muscular tissue is composed ^ 
ofthe highly specialized, darker, anisotropic contractile substance,' ,%*t . , ^ 
and the relatively passive, lighter, semi-fluid, isotropic sarcoplasm. 
The contractile substance is arranged as delicate spindles, the appo- 
sition of whose thicker parts produces the dim transverse disk seen 
*^^der medium amplification ; at either end the spindle is prolonged 
^ an extremely thin thread, which terminates in a minute sphere or 
^^ ; the apposition of these beads in the transverse row gives rise 
^ the appearance of the inconspicuous line constituting the inter- 
^iiate disky or Krause" 5 membrane. The darker aniso(roJ)ic sub- 
^nce forms, therefore, numbers of continuous contractile^brillae, 
'^"ich extend in parallel bundles the entire length of the fibre ; all 
"^e remaining interfibrillar space within the sarcolemma is filled with 
the lighter sarcoplasm^ which appears faintly granular in preserved 
jsue, but is, probably, almost fluid during life. On ^ppparing this 
^escnption with the usual appearances presented by striated muscle, 




64 NORMAL HISTOLOGY. 

it will be seen that the lateral apposition of the thicker parts of the 

contractile fibrilla produces the dark band, or transverse disk, while 

the row of minute spherical masses appears as the inconspicuous 

dark line bisecting the light zone, or intermediate disk. The threads 

/ bridging between these beads and the chief 

'_ t-""' 74- m4ss of the fibrillse are too delicate tO' be 

appreciated under ordinary powers, and that 

portion of the 6bre corresponding to the 

lateral disk consequently appears as if made 

,..,.,. .r; -..-J tip of the lighter sarcoplasm alone. 

Mf*e^ ' l'"''^'.l ^" certain forms of invertebrate muscle a 

oJ**n.=:^^'j;! more complicated arrangement exists, since 

Ml, iM— ---''i' f'^ °" either side of the intermediate disk a row 

Vvis'o? Tt'^i of dark granules crosses the Wghl lateral disk, 

'tiift'' 1''^ forming a dim secondary disk ; these gran- 

^*l'^.: i 'i '■-. ules are connected with the intermediate and 

A dimgnini of amingenitnt transverse disks by delicate bridges of con- 

of I'vii coninciik aubiLiiicc tfactilc substaHce, along which they occur as 

tai^ih!!* "JuiarT 'ra re"'' '°'^1 thickenings. The dim transverse disk 

r««iitKc»pinciikcieiDtnt>, Sometimes contains a central lighter band, 

^^J^'titm^B "'^n'^i^. ^^^ median disk of Hensen, which is due, 

fibre of nun ^ the caTT«i»n<]- probably, to diminished thickness of the con- 

i»i p^t. in jh. two Up™, m tractile fibrils. 

ihc iraDivcnc, imermniiMe, The contractile nbpH », however, are not 
ud Uiteni di>k>: ■, mucie. uniformly distributed throbghout the fibre, 
but are aggregated int o bundle^ — the muscle- 
COlurniK. — each of which is enveloped in a thicker layer of the 
sarcoplasm than the partitions separating the individual fibrillje. 

In transverse section each muscle-fibre presents a number of 
small, polygonal, dark areas, enclosed by lighter lines, which areas, 
under high amplification, exhibit minute punctations. These areas 
are sections of the muscle-columns and correspond to Cohnheim's 
fields, the dots being sections of the groups of individual fibrillje ; 
the lighter intervening and surrounding substance is the sarcoplasm, 
thicker layers of which surround and separate the larger groups into 
which the muscle-columns are further collected. 

The individual gi^sc l e - fibre s, which usually are not circular in 
cross -sect ion, but rather irregular^, polygonal with rounded angles, 
are held together by a small amount of areolar tissue, the endc k- 
mysium. They are grouped into primary bundles, -which latter ' 
are enveloped and separated from other primary bundles by the 
thicker bands of connective tissue constituting the perimysium. 
The primary bundles are united to form larger secondary groups or 
fasciculi, upon the width and arrangement of which the coarseness 
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or the finaiess, mgcroscopically appreciable, of the muscle largely 
depends. \The entire muscle is invested in a fibrous sheath, the 
epimyaiur y, derived from the denser layers of the interfascicular 
connective tissue. 

When contraction takes place, the entire muscle becomes shorter 
and, at the same time, broader; the striae also 
participate in the changes, becoming narrower. Fig. 75. 

These phenomena, however, affect only ^ A B 

limited part of the fibre at one time, consecu- 
tive portions being influenced in regular se- 
quence, so that the changes pass along the 
fibre as a c o n traction wave ; after the passage 
of the wavetlie muscle resumes its previous 
condition. 

In short muscles the individual fibres quite 
firequently extend the entire lengtnT~tn long 

ones, on the contrary, the fibres are shorter ^°_[^ _ 

than the muscle, being generally some 30-45 ing iKremup* of miude mi- 
mm. long; sometimes, however, the fibres IJ^^.'^J^t^-"^^ 
reach a length of 120 mm. by 10-50 mm. in of mucie-coiuaini. 
width (Felix). The fibres, as a whole, are gen- 
erally somewhat spindle-shaped, being slightly larger in the middle ; 
the ends of the fibres are more or less pointed, although blunted 
Q^elub-shaped, and, more rarely. 
Fig 76 , .''Dranched, extremities are not ua- 

' ' common. Branched and anas- 
tomosing fibres fi^uently occur 
(Gage), especially i n the tongue 
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and qculacjuuscles. When the individual fibres do not extend the 
length of the entire muscle, the sarcous substance terminates in 



66 NORMAL HISTOLOGY. 

pointed or rounded extremities, while the sarcolemma is united with 
the endomysium of the surrounding fibres. The musc le-su bstan ce 
is never directly continuous with adjac ent tissue s, but is always 
enclosed within the sac'cTtfie'sarcoIeinma ; the union between the 
fibres and other structures is effected by the blending of the endo- 
mysium of the muscle-fibres with the connective tissue of the attach- 
ments, whether these be tendon, periosteum, perichondrium, or 
subcutaneous tissue ; the sarcolemma closely invests the sarcous 
contents, being simply received into the connective tissue without 
becoming directly continuous. 

CARDIAC MUSCLE. 

The muscular tissue of the heart, as well as of the cardiac ends of 

the laige veins, forms an intermediate group of contractile tissue, 

standing in its development between the simple 

^'^- 7*- spindle non-striated cell on the one hand and 

§fiij, the highly differentiated striped fibre on the 

Mg other. Among the lower vertebrates (fishes, 

_:'!!'l- amphibians) the cardiac muscle is composed 

j ■ of nucleated spindle-cells possessing distinct 

/ transverse striations and often branched ends ; 

t in man and the higher vertebrates these spindle- 

cells give place to short, striated, cylindrical 
fibres, provided with lateral processes. By the 
apposition of these richly -branched cells a 
close, narrow-meshed net-work is formed, the 
lemT "o^Md' i™rh°d j""'^^'^''^ between the individual elements being 
libra: mrDund ihe poi» of indicated by transverse lines of cement-sub- 
ihc iiudri^.™ w-g^ii™' stance. 

The peculiarities of heart-muscle are — 

1. The tenuity of the sarcolemma, the transversely striated and 
more faintly longitudinally marked muscular tissue being enclosed 
by a very delicate sheath. 

2. The situation of muscle-nuclei within the sarcous substance, 
usually near the centre of the cell. 

3- The characteristic arrangement of the contra ctile fibri lUe, since 
these are so placed that the peripheral fibriJlie are grouped into flat, 
ribbon-like muscle-columns, somewhat radially disposed about the 
circumference of the fibre ; the remaining central portion is occupied 
by prismatic bundles of fibrilJae, together with the nuclei and the 
associated protoplasm (Ranvier, KoUiker). The small masses of pro- 
toplasm which surround the muscle-nuclei usually contain minute 
fat-drops and pigment -granules. The amount of pigment normally- 
present varies with age, increasing fi-om the tenth year (Maass}. 
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Sometimes, in preserved tissue, the position of the nucleus is occu- 
pied by a clear vacuole. 

Ranvier has called attention to certain diflerences in the muscles 
of the rabbit, describing two varieties— the red or especially dark 
(semitendinosus, soleus) and the white or pale 
(adductor magnus). The red muscles are char- 
acterized by slow response to electrical stimulus, 
kss regular transverse striation, greater dis- 
doctness of longitudinal markings, and great 
number of round nuclei. 

The blood-vessels of striated muscle are 
very numerous. . The larger vessels, together 
»ith the nerve-trunks and, less frequently, the "'"""•; • '™' w =*■ i* 
lymphatics, are contained withm the penmy- .ucTouDdi the Ducteu.. 
Mum, where they give off numerous smaller 
branches; these, in turn, extend between the primitive bundles and 
i>reaiup into extremely thin capillaries, which form a characteristic 
rectangular- meshed net-work around the indi- 
vidual muscle-fibres. The longer sides of the F'g- So- 
meshes correspond with the axis of the fibre. 

j At various points along the course of these 

i vessels peculiar dilatations, or ampullx, occur, 
the object of which is, probably, the relief of sud - 
den tem porary interference with the circulation 
during muscular contractions. The relation be- 
tween the capillary blood -vessels and the muscu- 
i^ fibre s of the heart is very intimate ; in many 
places the vessels lie embeddeJwilhinor even en- 
"fdy surrounded by the muscular tissue (Meigs). 

Lymphatic vessels^cur in striateHjnusciri 
in smalliiumbeH, but are entirely wanting in i 
'"'ny small muscles ; when distinct lyrophatic ^J" __ 
*'8se!s do occur, they are confinpd-irothelarger f^,Mi"gui»r.in«hed nn- 
^ looser masses of the perimf^um f Kolliker). J™)", "si™"* <-^ i-ii- 

n, . , . , ; > vidial fibres, 

e nerves supplymg the striated muscle ■y ^^i.*!'' '- 
"Kmde the principal trunks which run within the perimysium, where 
"•^y subdivide into smaller groups of medullated fibres, in order to 
'^w the individual muscle-fibres ; these latter receive their nervous 
'"PPjl' at certain points only, the nerves passing to the muscle to 
f"' m the special end-plates in the manner described more fully 
"I ttinnection with the peripheral nerve-endings. 

Inf devel opme nt of all varieties of mu.scular tissue is closely 
[^l^led to the mes.iyerm, of wjiich they are the direct descendants. 
""s plain or non-Striated muscle is formed by the differentiation. 
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within certain areas, of the irregular mesodermic elements into the 
elongated fusifonn fibre-cells. In suitable preparations all gradations 
between the ordinary embryonal connective-tissue cells and the 
muscular elements may be observed, emphasizing the common 
ancestry of the two forms of tissue. 

Voluntary muscle, representing a higher specialization, is de- 
rived fi:om definite areas constituting the inner layer of the muscle- 
iiH. plates, which are referable to the 
Fig. 8i. __•' early stages of the primary segmenta- 

tion into somiles. The ceils of the 
muscle-plate soon elongate, with pro- 
liferation of the nuclei, to become the 
J primitive muscle-fibres. These at 
-. first consist of greatly extended ele- 
ments, possessed of numerous nuclei 
and composed of granular indifferent 
protoplasm. After a time the fibre 
exhibits a ditferentiation into longi- 
tudinal striee, which, later, are supple- 
mented by the transverse markings 
characteristicof voluntary muscle. The 
, sarcolemma appears about the time 
the longitudinal markings are seen. 
The striations are limited, at first, 
yonnc muKicaiit a very youDg to One side of the fibre, then extend 
ta't^" ^ fa^".™u™"™"'^ O''^'' *^^ ^"^"^ periphery, but still for 
lidei ihc villaining p«n of ihe cell ii some time do not reach the centre of 

plaim : B, Fmbryonal muflcte.nbn« pD*.* . ' 

telling miny nuclei and men or jiriz; entiated sarcoplasM occupymg the 
fu ''<h?''Cer"'fiw''^ditfc^n.'i!Zi ""iddle. Later, thb area also becomes 
peiipheni lone of uKz (rf) it teen In conveited into Striated tissue, while the 
teciion ; «n m of tiHi hidiffermi Mr- QHce uumerous nuclei are reduced to the 
^ tZo^ndl'^iht al^ (■" ' " few collected beneath the sarcolemma. 

Cardiac muscle, likewise, develops 
from the mesoderm immediately surrounding the primary heart-tubes, 
the contractions of the cells being displayed even before the histo- 
logical differentiation becomes apparent. In its development it 
represents an intermediate stage, since the original spindle-cells be- 
come converted into protoplasmic fibres containing a central area 
which always remains less differentiated and nearer its primary con- 
dition of indifferent sarcoplasm than the peripheral portions of the 
fibre. The fibres of Purkinje, found in the hearts of certain rumi- 
nants, represent muscular fibres in which the sarcoplasm remains in 
part still undifferentiated. 
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NERVOUS TISSUES. / -; , , ,/ 

The nervous system is Composed of two principal parts — the 
tissues^ originating \nci transmitting nervous impulse, the nerve- 
_cdls ahd the nerve-fibres , and the tissues uniting and supporting 
the nervous elements, the nearoglia and connective-tissue frame- 
work. While convenience warrants the consideration of the nerve- 
cells and the nerve-fibres as distinct elements, it must be appreciated 
that the nerve-fibres are only the extended processes of the nerve- 
cells, and that both cells and fibres together constitute the morpho- 
logical units, the neurones, of which, in conjunction with the sup- ^ 
porting tissues, the entire nervous system is composed. y ' ] 

In the simplest type of nervous system the perception of external 
stimuli and the generation and transmission of the responsive impulse 
are perfomied by the sam e cell, the more centrally lying parts of the 
cell serving to convey and expend the force originating within the 
protoplasm. Such simplicity, however, is unusual, the nerve-cell 
soon becoming specialized and removed from the peripheral area 
^th which it maintains connection by means of its process— the 
nenre-iibre. 

NERVE-CELLS. 4 

The nerve-cells contain a large oval nucleus, and often a conspicu. 
ous nucleolus. After treatment with methylene-blue (Nissl's stain- '\ 
H)y the protoplasm is differentiated into two parts — the stainable 
and the unstainable substance. The former appears as masses of 
deeply-tinted granules, arranged in net-works, longitudinal striae, or, 
^ in a majority of cells, as irregular combinations of both. The 
unstainable sutetance constitutes the remaining portion of the cell- 
^y, and, in places, may exhibit delicate striation. A variable 
^ount of pigment is also usually present within the protoplasm. 

Nerve- or ganglion-cells of man and other vertebrates differ 
?reatlyin form and size, since they may be either spherjcal (Gas- 
^rian, spinal, or other ganglia), ellipsoidal (spinal cord), pyriform 
(cerebellum), pyramidal (cerebrum), or stellate (spinal cord), and 
^'^ry from lo to loo ft in size. 

The protoplasm of every nerve-cell is prolonged into at least two 
^nd Irequendy several processes ; since an apolar cell is use- 
'^. it is doutful whether such cells ever normally exist ; apolar 
^lls are frequently seen in preparations, but the absence of the 
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Fig. 82. 



processes is only apparent, being due either to mutilation or 
process lying without the plane of the section ; where procesi 
really wanting, an immature or pathological condition mi 
suspected. 

The processes of nerve-cells are of two principal kind 
protoplasmic (dendriis) and the axis-cylinder {neurits) pro 

The protoplasmic pre 
or dendrits rapidly ui 
division, splitting up an 
dividing until the re 
branches form rich te 
arborizations of s 
threads, which freq 
interlace, but probably 
^actuall y j oin, with \ 
fibrils of adjacent 
/^--Nerve-cells, in one seni 
but nucleated local acci 
tions of the interfibrilla 
toplasm, whicETatferTr 
"tei^reS^neuroglasm 
liker J ; tEela^e' s 
multipolar ganglion-cell 
be regarded as switch- 
for the redistribution < 
numerous ultimate 1 
continued into the axis 
ders. The fibrillae pass 
divergent paths, aloni 
several processes of th 
'to form new combinatio: 
relations. 
The peculiarities foi 
supposed to constitute the distinguishing characteristics c 
axis-cylinder processes are no longer sufficient in the 
of recent advances in our knowledge regarding the structi 
the nervous system. The investigations of Golgi and othen 
shown that, in addition to greater delicacy and a straighter c 
the axis-cylinder processes present variations which separate 
glion-cells into two groups — cells of the first and cells c 
second type. 

Nerve-cells of the fiiisLtypc include elements, as those 
motor areas, possessing the characteristic axis-cylinder pro 
directly continuous with the axis -cylinder of the nerve-fibre. 




Nerve-cell from the cerebral cortex, exhibiting the 
striations of the protoplasm and the conspicuous char- 
acter of the nucleus and the nucleolus: /, pigment- 
granules .- a, axis cylinder process ; b^ /, apical and 
lateral protoplasmic processes. 
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these processes, when compared with the richly-divided protoplasmic, 
may be regarded as unbranched, the existence of delicate lateral off- 
shoots, or collateral fibrils, has been established ; these delicate 
branches pass backward towards the gray matter, within which 
they end, — often at considerable distances, in relation with other 
cells. 

Fig. 83. 




"<ne<ell from the spinal cord, isolated by maceration and teasing ; the numerous branched pro- 
''*P"^)»ic processes are somewhat displaced and distorted, owibg to manipulation : a, axis-cylinder 

Nerve-cells of the second type are distinguished by the be- 
^vior of the axis-cylinder process ; this, instead of passing into 
^€ white matter to become the centre of a nerve-fibre, never leaves 
the gray matter in which the ganglion-cell lies, but, after a longer 
or shorter course, rapidly undergoes division and subdivision in the 
production of a terminal arborization of delicate fibrillae ; these 
ramifications are limited entirely to the gray matter, their exact 
manner of ending and their relations to other cells varying in dif- 
^^t parts. The free division of the axis-cylinder process does 
not curtail the branching of the protoplasmic extensions, which are 
often very conspicuous, notwithstanding the numerous bifurcations 
0^ the former. In some instances the axis-cylinder processes of 
^^ of this type split up into fibrils which enclose the bodies of 
other nerve-cells within basket-like net- works ; a notable ex- 
^ple of this arrangement exists in the cerebellum around the cells 
of Purkinje. 
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The axis-cylinder processes usually are directed towards the 
nearest mass of white matter, since the axis-cylinder of the nerve- 
fibre is directly continuous with that of the ceU. Exceptional 
arrangements are sometimes encountered, as where one process 

of a bipolar cell becomes wound about 
Fig. 84. ' , the remaining straighter fibre, con- 
stituting a spiral process ; such cells 
are comparatively frequent in the sym- 
pathetic ganglia of the frog. 

Ganglion-cells lie within peri-cellu- 
lar lymph-spaces, which appear with 

greater or less 
, Fig. 85. distinctness ac- 

P,tJ/]{Pp^] cording to the 

condition of the 
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Nerve-cell of first type — ^from cere- 
bral cortex : /^^ /, protoplasmic pro- 
cesses directed respectively towards the 
free surface and laterally ; a, axis-cylin* 
der or nerve-process giving off collateral 
branches, c, c. Golgi staining. 



Nerve-ce'T of second type — 
from cerebellum : /, branched 
protoplasmic processes ; c, cell- 
body : a, axis-cylinder process 
breaking up into arborization 
(n), but entirely confined to 
gray matter. Golgi staining. 



Basket-work, formed 
by the extensions of the 
branched axis - cylinder 
process of a nerve-cell, 
surrounding the body of 
one of the ganglion-cells 
of Purkinje : /, base of 
branched process of Pur- 
kinje's cell ; n. fibrils con- 
stituting basket-work. 



protoplasm of the enclosed cell ; when this is contracted and 
shrunken the space is, obviously, more conspicuous than when almost 
entirely filled by the cell. These h^mph-spaces are limited by 
a delicate, elastic, hyaline membrane, aiid lined with nucleated 
endothelial plates. 
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NERVE FIBRES. 

Depending upon the character of the investing coats, nerve-fibres- 

: appear as two kinds — the medullated, or whitey and the non- 

meduUated, or gray. These do not, however, constitute two 

sharply defined and distinct classes, but defend upon variations in 

"y the condition of fibres, which often represent both varieties at dif- 

' ferent portions of their course. Every medullated nerve-fibre, start- 

> ing from the nerve-cell as the axis-cylinder process, at first lacks the 
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medullary substance ; on obtaining the latter, it then courses as 
thetypital medullated fibre until near its termination, where again 
the white substance of Schwann is wanting, the end arborizations 
consisting of the ramifications of the naked ax is- cylinder. The 
majority of nerve-fibres constituting the great cerebro -spinal tract 
may be classed as medullated, although numbers of gray fibres like- 
wise occur here ; the non-medullated fibres are especially numerous 
in the sympathetic system, where they predominate, as well as in 
certain of the cranial nerves, as the ollactory. In other cases, as 
conspicuously in the pneumogastric nerve of the 
dog, distinct bundles of both medullated and 
non-medullated fibres are associated in the for- 
mation of a common nerve-trunk. 

Atypical medullated nerve-fibre consists of 
the following parts : 

1. The axis-cylinder, surrounded, possibly, 
hyitssheath, or axilemma (KUhne). 

2- The medullary substance, or white matter 
of Schwann. 

3- The neurilemma, or sheath of Schwann, 
' with the nerve-corpuscles. 

Perfectly fresh, uninjured, medullated 
nerve-fibres, when examined by transmitted 
^hl, appear as homogeneous, hyaline cylinders, 
"ithdark contours and no appreciable structure ; 
seen by reflected light, the fatty character of the 
medullary substance is indicated by the glisten- 
ii? appearance of the fibres, and their dull white 
™ior when viewed in masses. Shortly after 
death the fibres exhibit characteristic double 
contours, enclosing an apparently structureless 
™tfe; bter, the fibres become mottled by ihowingih.i^uou.cour^ 
"Tegular spherical masses, derived from the dis- "'','™'"fibre*'»°n™ri- 
("ftHi medullary substance. lemmi. coniinmd ai > dtii- 

The axis-cylinder appears, in fresh nerves or "^ ihuih. iA(«r nti- 
1" those fixed with osmic acid and teased, as an 
inconspicuous, clear, delicate rod extending along the central part 
" 'he fibre, or, perhaps, projecting beyond the outer sheaths at 
'"^ iToken end. The longitudinal striations occasionally seen, 
under high amplification, In carefully fixed preparations, are indi- 
'^'ions of the ultimate fibrillsc of which the axis-cylinder is com- 
P°*«i; these fibrillje are cemented together by a finely granular, 
""erstitial substance, or neuroplasm (Kolliker). According to 
Klihne, the axis-cylinder is enveloped by a special, delicate, elastic 
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sheath — the axilemma (Kiihne); other authorities regard this 
appearance as an art fie al production. Since every axis-cylinder 
IS connected w th the corresponding process of a nerve-cell, 
t axis cyl nders may be regarded as direct ctntiinuaiwns of the 

•c / ganglion-cells, their component fibrillie 

^ ■ <y /° ^ forming uninterrupted paths which con- 

" ■^ ^ nect the periphery with the presiding 

nerve-centres. On approaching its ter- 
1 m nation, the axis-cylinder splits into 
I smaller bundles of component fibrillec ; 
) these groups subsequently divide, until, 
finally, the naked ner- 
vous threads reach their 
' ultimate destination as 
the terminal arborizations. 
The nerve-fibnlbe not in- 
frequently exhibit nu- 
merous minute fusiform 
enlargements or vari- 
cosities along their 
course, giving to the 
fibrils a characteristic 
beaded appearance, es- 
pecially after gold-stain- 
ng- 
The medullary sub- 
■■'■'•-',' ",. . .- stance, or white matter 

of Schiwann, surrounds the axis-cylinder, and forms the most con- 
spicuous investment of the fibre. The existence of a narrow lym- 
phatic cleft described as lying between the medullary substance and 
the axilemma is still uncertain. The medullary substance consists 
of two parts : one of these occurs as a delicate reticulated ft-ame- 
work, composed of a resistant material probably resembling neuro- 
keratin (Kiihne and Ewald) ; the other fills the interstices of the ■ 
reticulum and appears as a semi-fluid, highly refracting, fatty sub- 
stance — the mytliif**''^*' affords protection to the enclosed axis- 
cylinder. Other authorities regard the reticulated framework as 
the effect of reagents, citihg the variability in the appearances of the 
net-work as opposed to its presence as a normal constituent of the 

At regular intervals along the medullated nerve-fibres well-marked 
annular constrictions occur ; these are the nodes of Ranvier, and 
mark the ftiterruption of the white substance of Schwann at certain 
points. 




THE NERVOUS TISSUES. 



75 




Owing to the absence of the middle coat in these positions, the 
outer sheath, or neurilemma, is brought into contact with the 
continuous axis-cylinder. The portions of the fibre included be- 
tween two constrictions — the internodes, or 
ifUemodal segments — vary in length with fig. 91. 

the size of the fibre, being longer (about 
I mm.) in large and much shorter in thin 
fibres. Each internode pos- 
sesses a single nerve- cor- 
puscle, usually about its 
middle, and probably elon- 
gates during the growth of 
the nerve. The neurilemma 
is not broken by the nodes 
into segments, but forms a 
continuous sheath. When 
a medullated nerve -fibre 
branches, the bifurcation cor- 
responds in position to a node 
of Ranvier. 

After treatment with silver 
nitrate the positions of the 
nodes of Ranvier are rendered ^"«; * ■ ^^ *'''''>" 

Ihe iDCIUODl of ihE mc- 

conspicuous by the appear- duiio, « Sctunidi-Lui- 
ance of minute dark-brown 'f™"" kjib™!.; b. 

the oicduUary tubtuuce 

crosses ; the transverse arm e,hibio ■ nticuioted 
is formed by the stained, ■pi«"''==- i"*™- 

internodal albuminous sub- 
stances, forming an annular disk, sometimes called the constricting 
band (Ranvier), while a stained portion of the axis-cylinder con- 
tributes the less distinctly marked vertical lines of the cross. 
Closely-placed transverse markings, known as Prommann's lines, 
as well as bi-conical swellings, occasionally are noted along the axis- 
cylinder after treatment with silver: their significance, however, is 
still undetermined. 

The medullary substance is very prone to post-mortem change, 
the co^^ulated or partly disintegrated myelin producing various 
grotesque distortions in the contour of the nerve-fibre. After treat- 
ment with osmic acid and other reagents, the while substance of 
Schwann displays oblique markings which are, apparently, clefts or 
incisions involving the middle coat ; relying upon these appearances, 
many regard the medullary substance as made up of elongated pieces, 
the Schmidt-Lantermann segments, several of which are in- 
cluded within each internode. 



il limb 1> formed by the 
ored ■jii.-cyUiidtr: C, 
'crcd ■xb-cy]iadcr«hDW. 
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The aeunle™nia, sheath of Schwann, or primitive she 
the outer covering of the nerve-fibre, is a delicate, homogem 
elastic membrane, closely investing the medullary substance 
resembling the sarcolemma. On its inner surface, placed at rej 
intervals corresponding to the position of the nodes of Ranviei 
the nerve-corpuscles, meagre accumulations of protoplasm 
rounding the oval nuclei. The medullated fibres of the white it 
of the brain and spinal cord, as well as those composing the 
and acoustic nerves, are noteworthy as being without a neurilei 
the surrounding neuroglia in these positions assuming the su] 
and covering of the fibres. 

The non-meduUated, pale, or Remak's fibres, as indicatt 
the first name, are devoid of medullary substance, consisting o 
axis-cylinder and the more or less modified r 
lemma ; such fibres, when aggregated, appt 
grayish, semi-transparent bands. While < 
medullated nerve-fibre, before reaching it: 
ripheral distribution, loses the white substan 
Schwann and becomes sooner or later a 
medullated fibre, the nerves constituting 
sympathetic system especially represent 
group, and evince the distinctive tendent 
give off branches, which unite to form the 
acteristic plexuses. The presence of botl 
rieties of fibres, however, in nerve-trunl 
quite usual ; a conspicuous example of this 
ciation is found in the vagus of the dog, v 
large bundles of both kinds are included u 
fibt« ftom ihe lympa- a common shcath, 

Mid^fib"™ jliin'io'fomt ^^^ fibrillae constituting the axis-cylinde 
piuiu. no n -medullated fibres are especially distinct, 

feature being probably due to the gen< 
amount of neuroplasm separating the fibrilte ; not infrequently 
accumulations of this interfibrillar^subst^nce. occur, producing 
conspicuous varicosities seen along the course of the fibres, 
nerve-nuclei are far more numerous than in medullated fibres ; 
are, however, irregularly distributed, lying upon the surface o 
fibre and beneath the outer delicate sheath. This enveloping si 
— the attenuated representative of the neurilemma — is often dif 
or impossible to distinguish, being very thin and closely adhere 
the fibre. The smallest nerve-fibrils are probably without this 
the fibrillte continuing as naked bundles, with the exception o 
imperfect covering afforded by the numerous overlying nerve-m 
Non- medullated nerve-fibres are prone to form rich plexuses 
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junction of several fibres being frequently marked by characteristic 
triangular areas, in which a number of the nerve-nuclei are often 
collected. 

THE NERVE-TRUNKS. ~~ 

The nerve-fibres already described are associated in bundles — the 

(oniculi— which, in turn, may be grouped to constitute the large 

nacroscopic nerve -trunks. The 

ftiniculi differ greatly in diameter, a 

numlwr of varying size being usually 

included withm the nervous cord 
in very small nerves however a 
single funiculus may suffice to form 
the entire trunk While both kmds 
of fibres are grouped in bundles 
the nerves composed prmcipally of 
medullated fibres present the more 
t)pical arrangement 

On transverse section of such 
tninb the mdividual nerve fibres 
appear as small round nucleated 
«lls whose somewhat eccentncally 
placed nuclei are the axis cjlinders 
in section while the contours of the 
c«l] hke areas are formed by the 
sections of the neurilemma the 
snnink.en granular or concentrically 
"larked masses within the apparent 
cell-walls are the remains of the 
medullary substance. These sec- 
■ions of the fibres are held in place 
hy a delicate connective tissue — the endoneurium — extending 
among and surrounding the individual fibres. When the nerve- 
■"wdle, or funiculus, is small, the nerve-fibres are uniformly dis- 
'"t'uted, and it is spoken of as simple ; when large, however, the 
"wes are usually divided into irregular groups by stronger fibrous 
trabecule, thus forming a compound funiculus. The individual 
nerve-fibres vary greatly in diameter (from 2 to 20 it), even adjoining 
nbres often exhibiting marked differences. In general, the cerebro- 
spinal nerves possess the largest fibres, the sympathetic much the 
^"■^1(2 to 4 ;i), while the components of many of the cranial 
ntrves occupy an intermediate position. 

Each funiculus is invested by a robust connective- tissue sheath — 
™ perineurium — between the fibrous lamella of which are seen 
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the nuclei of the endothelioid plates lying within the interlamellar 
lymphatic spaces. The endoneurium is directly continuous with the 
perineurium, of which it is the intrafunicular extension. 

Where a nerve-trunk comprises several funiculi, these are held 
together and envelopec^by a loose general connective tissue— the 
f epineurium — which supports the blood- 
F c 94 ^ vessels and lymphatics, and often contains 

masses of adipose tissue ; the external layer 
of the epineurium is usually somewhat 
condensed. 
When the funiculus divides, the new 
I L bundles receive a prolongation of the peri- 
Jneurium, the investment becoming thinner 
/ "with each successive division. On nearing 
' their hnal destination, the funiculi break up 
nto small groups or single fibres, which are 
covered by an attenuated extension of the 
imaii formerly robust perineurium ; this invest- 
ment constitutes the sheath of Henle, and 
consists of a delicate fibrous envelope lined 
with endothelioid plates ; in some cases these 
i, conmciive-iiuue cciii oi umc! latter alouc represent the entire sheath. 

The larger blood- vessels enclosed within 
the epineurium give off branches, which surround the funiculi and. 
break up into capillaries passing within the endoneurium among the 
fibres. 

The lymphatics are represented by irregular clefts within the 
endoneurium, which are connected with the interlamellar spaces of 
the perineurium ; fi-om these the lymph is taken up and carried off 
by the more definite lymphatic channels running within the epineu- 
rium. 

The nerves of the larger trunks— the nervi nervorum— are dis- 
tributed within the epineurium, and are said to terminate, in many 
cases, in special bodies which resemble in general type the spherical 
end -bulbs of Krause. 

THE SUPPORTING TISSUES OF THE NERVE-CENTRES. 

The essential constituents of the nervous system, the cells and 
fibres, when associated in large masses, as in the cerebro -spinal tract, 
are held in place and supported by two varieties of sustentacular 
tissue. On examining suitably prepared sections of these organs, 
the cells and fibres appear everywhere to be embedded within a finely 
reticulated ground-substance, whose composition is especially 
complex in the gray matter. The basis of this reticulum is the 
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neuTO^i^ a peculiar form of ectodermic tissue, with, therefore, 
closcr3ations to the neurogenetic tract. Neuroglia consists of 
extremely branched elements, or glia-cells, whose numerous pro- 
cesses break up into 

bnish-like bundles of Fig. 95. 

delicate fibrils, which 
pass m all directions 
among the nervous ele- 
ments, filling more or 
kss completely all inter- 
stices. The body of the 
^ia-cells is frequently 
K^e, possessing a nu- 
cleus and staining in- 
tensely with certain dyes. 

Tie demonstration of ^^^^1 .o.n^.iv. u„,« »( .h. pi. m«» ; s. E<u«gi,.. 
t«se neuroglia elements ' 

is veiy striking in Golgi 
slvcr preparations, where they appear as dark, spider-like figures 
which send out delicate fibrils in all directions. In the embryo the 
■Kuroglia consists of long, delicate fibrils which radiate from the 
wifal tube ; later, these fibres become broken up into shorter 
threads which interlace and form the supporting tissue. The 
poundwork surrounding the nerve-fibres within the while matter 
KTves the purpose of covering as well as of support, and replaces 
■he neurilemma. 

In addition to the dense reticulum formed by the neuroglia, con- 
*fiting the special sustentacular tissue of the nervous system, pro- 
"•"gations from the enveloping pia mater in places penetrate within 
die nervous masses and contribute connective -tissue trabeculse, 
which form a supporting framework for the blood-vessels. These 
connective-tissue ingrowths constitute the septa, which in many 
places, as conspicuously in the spinal cord, accompany the blood- 
veaels into the nervous substance. The finer ramifications of these 
panilions fade away in delicate extensions which mingle with the 
fibrils of the neuroglia- ceils. It is evident, therefore, that the sup- 
pling tissue of the nervous system can no longer be regarded 
simply as a form of connective tissue, since, in addition to the un- 
<ioiibted connective tissue present, the larger part is contributed by 
"•f peculiar ectodermic structure, the neuroglia. 

THE STRUCTURE OF GANGLIA. 

Along the course of certain nervous cords, such as those consti- 
tuting the sensory roots of the spinal nerves, the trunks of many of 
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the cranial nerves, and especially of the sympathetic system, groups 
of nerve-cells occur associated with the nerve-fibres in the form of 
ganglia ; these may be large and conspicuous masses, as the Gasserian 
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ganglion of the trifacial nerve, or their size may be microscopic, as 
many of the interstitial ganglia connected with the distribution of 
the sympathetic fibres. 

The outer covering ofthe ganglion consists of a fibrous envelope, 
a condensation of the adjacent epineurium in many cases, from which 
prolongations extend among 
f 'o 97 the nervous elements, where 

they break up mto delicate 
bundles of connective tissue, 
which serve for the union 
and the support of the cells 
and the fibres Some of the 
nerve-fibres pass through 
the ganglion on their way 
to more distant points with- 
out joinmg any of the nerve- 
cells, while many others end 

^_ m or take ongm from these 

/ ^ — - ~ elements. The presence _pr 

Section of .p.p.igangi,o„mor= highly magmfitd. ^hscncc of the^meduliary 
e, ih* Mr«<eu». cut in »wiom plana, .urrounded coat dcpcnds upou the char- 
by the nucleated sheath (t) ; t, the mcdullaled Derve- «^*„_ c -.u 
fibra. on which Kveral node, of R.n.ie. are «en;^ ^'^"'^ °' ^"^ _£'?II}P05?_"_' 

cell, of the .upponing cDnn«ii« ii..ue. ' fibrcs of thc nerve-tHink ; 

before joining a nerve-cell, 
however, the medullary substance disappears, while the neuri- 
lemma of the fibre continues and becomes the nucleated capsule 
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enclosing the individual nerve-cells. These latter possess, in 
general, a spherical form, and are usually provided with one or two, 
seldom more, processes ; in the bipolar cells the processes frequently 
pass from opposite poles to become continuous with the afferent 
and efferent fibres. In the ganglia of some of the lower vertebrates 
bipolar celk occur in which one process becomes invested by the 
turns of the other or spiral fibre. Unipolar cells exist in which the 
single process divides into T-branches extending almost at right 
angles ; such cells occur also in man. 

The development of all nerve-fibres and nerve-cells must be 
referred to the elements derived from the invaginated ectoderm 
forming the neural tube. Without entering 

upon an exhaustive account of the process, 

many details of which are still uncertain, it may 

be accepted that the primary neural ectoderm 

differentiates into two varieties of cells — the 

neuroblasts and spongioblasts. The nerve- 
fibres are formed as outgrowths from the primi- 
tive nerve-cells or neuroblasts. This may take 

place either in one direction alone, from the 

centre towards the periphery {centrifugally)^ as 

in the formation of the efferent fibres of the 

motor-nerve roots of the spinal cord ; or, as in 

the production of the afferent (sensory) nerves, 

the neuroblasts may be somewhat removed from 

the central nervous mass, occupying the position 

of the spinal ganglia, and send out fibre-pro- 
cesses in two directions^ one set growing into 

the nerve-centre (centripetalfy), while a second 

group of fibres extends towards the periphery 

[^^rifugally). In all cases the nerve-fibi gs 

^e formed as outgrowths from the primary 
^ne-cells ; in later stages the cells concerned 

^ extending the nervous path may disappear 

3fter the establishment of the tract. The spongioblasts, on the 

other hand, are especially concerned in the production of the neuro- 

glia-cells, these ultimately becoming transformed into the close reticu- 

^ formation supporting the nervous elements. 
The nerve -fibres are at first pale and possess neither medullary 

substance nor neurilemma. The acquisition of the white substance 
o» Schwann occurs much later, the exact mode of its production, 
nowever, being by no means certain ; whether the medullary sub- 
^nce owes its formation to the influence of the axis-cylinder, or its 
ongin must be referred to the more or less direct agency of the ele- 

6 




Ganglion nerve-cell with 
spiral fibre from the sym- 
pathetic of frog : Sp F, the 
spiral fibre surrounding the 
straight process {C/) and 
dividing at a node of Ran- 
vier (7A): s, neurilemma. 
(After Sckuffer decker.) 
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tits represented by the nerve-nuclei, future investigation must 
ermine. If traced to the axis-cylinder, the sheath must be classed 
^todermic tissue ; as mesodermic, on the other hand, if referred 
;he nerve-corpuscles. The period at which the medullary coat 
>ears in the various groups of nerves is variable, but constant for 
en tracts ; account has been taken of this fact with great advantage 
the laborious investigations of tracing the path of many nerve- 
::ts composed of medullated fibres. The neurilemma may be 
arded as certainly derived from the differentiation of surrounding 
sodermic celk, as likewise the more general connective-tissue 
relopes constituting the endoneurium, the perineurium, and the 
neurium of the nerve-bundles. 
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THE PERIPHERAL NERVE-ENDINGS. 

Terminations of Sensory Nerves. A medullated nerve, in 
passi^ to its ultimate distribution, first loses the medullar)' sub- 
stance, or white matter of Schwann, which ends abruptly at some 
bifurcation of the nerve corresponding; in position to a node of Ran- 
vier. The fibre continues for a variable distance no n -medulla ted, 
being covered with the neuri- 
lemma and the nerve-cor- 
pusdes; these coats become 
fedueed gradually until the 
nmrilemma disappears, the 
nene-nudei then alone re- 
maining as an imperfect in- 
vestment of the axis -cylinder. 
The nuclei soon occur less 
frequently, until finally they 
•lisappear and the bundles of 
nerve-fibrillEe, by this time 
peatly reduced owing to re- 
pealed division, continue as 
't^ed axis-cylinders; these 
unite to form a widely-meshed 
ETOnnd-plexus, possessing 
•^■laracteristic triangular, nu- 
cleated nodal points where 
'''e bundles of iibrill^ meet. 

The axis-cylinders sooner ^|^|^ "^ ^^^1*11^0!^^ «ric™'irJ" ° 
"^ later break up into their 

•^"iponent primitive fibrillEe, which frequently interlace t 
™i net-works, or terminal plexuses, within the connective tis- 
"■e of the organ supplied ; these net-works quite often are sitii- 
"ed immediately beneath the epithelium ; in immediate proximity 
•ith the basement membrane fine fibrillte emerge from the plexus, 
fflter the epithelium, and terminate in pointed or club-shaped free 
Wdings between the epithelial cells. The nerves of common sen- 
^in frequently end in this manner, including, probably, many 
"^Mof the skin, cornea, and mucous membranes. 
Many sensory nerves, however, terminate in special endings of 
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varying complexity : of such specialized structures over a dozen 
forms have been described; since a number of these occur only 
among the lower vertebrates, the more important types alone will be 
here considered. 
The special sensory nerve endings may be grouped as — 
1. Tactile Cells. 
3. Taclite Corpuscles. 
3. End- Bulbs. 

The tactile cells are found within the deeper layers of the epi- 
dermis or the adjacent stratum of the corium, and may be either 
simple or compound; the former are oval 
Fic 100 nucleated elements, 5-12 /i in size, and resemble 

ganglion -cells. The centrally-directed portion of 
the cells is embraced by a peculiar crescentic 
expansion— the tactile meniscus— with which 
the nerve-fibre is probably connected. 

Where two or more such cells are associated to 
receive the nerve'-fibre, a compound tactile ccU 
•oAT^M "fiiU."withUi results ; the corpuscles of Grandry and of Merkel, 
tiiee[Biiernii»igcjtdprtp- found respectively in the epidermis of birds and 
"Sl^dis^itT^ Ith^ ^^ mammals, are examples of such structures, 
ecu ECBinKiivt ' liMtM ; The medullated nerve-fibre, on meeting the cells, 
«iin"VnfDn""Thc^c'1- '"^^65 Its neurilemma and Henle's sheath, these 
thcLiii ccLii. coverings becoming fused with the connective- 

tissue capsule of the corpuscle ; the axis-cylinder 
passes between the cells, to become lost within an intercellular 
flattened tactile disk ; the medullary substance terminates at the 
point where the axis-cyhndei 
Fio 'o" enters the disk, 

^ Jrf* *■ ^ The dark stellate figures 

jMi , ^rf-is •!■* * >-J somet mes seen in gold prep- 
^ "■- ' .. — ~ aratons of the epidermis, 

ly ng between the epithelial 
cells and known as the cells 
W ir^_^ °f Langerhans, do not rep- 

resent nerve-endings, as for- 
merly claimed, but are prob- 
ably migrated wandering cells. 
• ■■ The more elaborately ar- 

p,l^,«r"^"n^l^fir«Vn,=™/fh'frp',LiL«l^ ranged compound tactile cells 

md diTidiag inw tfae Rbnii which m conncclcd wilh aud the Simpler taCtllc COr- 

%T^\^f^^^ """ """ ™' "" ■"'■" Puscles. such as the spherical 

end-bulbs of the conjunctiva, 

are closely related, their differences being but slight ; the various 
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tactile corpuscles present increasing degrees of complexity of struct- 
ure, the most highly specialized ending of this class being the lacHle 
c)fr;puscU of Meissner, found in the \^ *^ t ■ ■ ( > - ' ' ' 

stin of the palmar surfaces of the _p ' ' ■ f'o. im. 

fingers and of the toes. '%>^'' 

The corpuscles of Meissner 
are oval elliptical b odies, 45—140 p. . 
long and 35-55 /» wide, situated 1 
usually at the apices of the papilla 
of the cerium ; they possess nu- 
merous transversely-placed nuclei, 
which, with the edges of the indis- 
linctly defined tactile cells, produce 

the gharacteristic transve rse or some- _ _ 

what spiral markings. Each cor- which iht neunitiniM coDiinueT 
puscle is supplied with one or two, 

sometimes three or four , medullated nerve-fibres, which are invested 
withHenle's sheaths; the fibred may undergo numerous windings 
before entering the corpuscle, the sheath of Henle, together with 
the neurilemma, becoming continuous with the 
ibrous envelope of the corpuscle. The nerve- ^^°- '"3- 

Sbresreuin their medullary substance for a short 
distance, but later lose this sheath and break up 
into a number of non- medullated fibres ; these 
latter subdivide into fibrillje, which pursue a spiral 
course throughout the corpuscle, being connected '-, '-"Vi,?^ 

ifreand there with terminal disks. The com- ; .'-'". 'tS. 

pressed tactile cells themselves are usually indis- .; , ■ .^y^ 

tinctly defined, the transversely -placed nuclei and - 'i^^ 

llie outlines of the cells producing the transverse .-. \^ 

"■aflungs. A large number of the nuclei seen, ;.' ,. ^.;jt. 

bowever, belong to the superficial layers con- ~j^-.'/l-r^> '■^??*' 
Inbuted by the coni«|tive-tissue coverings. As ':■,■■" \' 

'" the exact course and mode of termination of t.i* corpuKie of 
*enerve-fihrillas within these taaile corpuscles, "™",«'°'Jlr"lh^^ 
much uncertainty still exists. ennKng ihc Mmpikaied 

The spherical end-bulbs of the conjunctiva f^-'n "^hnoipuide '^''^' 
snd of other mucous membranes, as well as the bi<>od-v««L accompany- 
Kwilal and the articular nerve-corpuscles, ^'^i*;;^^' '*''" 
must be included in this class of /lerve- endings ; 
flee bodies are all formed on the same general plan, the differences 
>" their structure being limited to the details of arrangement. 

The End-Bulbs. The third group of special nerve- terminal ions 
^"'Maces the nerve-endings 0C. 3 cylindrical tvt>e in contrast to the 
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Spheroidal form of those already considered. Just as in the preceding 

group, so here the simpler endings lead from the tactile cells to the 

more highly specialized structures ; the cylindrical end-bulbs of the 

conjunctiva of the calf are the simplest members 

Fig. iiH. Qf ^y^ group, while the corpuscles of Vater, or 

the Pacinian bodies, are its most highly special- 

i representatives. 

The nerve-endings of this class are composed 
of three parts— the cap-' ' 
Fig. 105. sule, the inner bulb, I ■ 

and the nerve -fibre. J 
Upon the arrangement 
and development of these 
the differences distin- 
guishing the individual 
endings chiefly depend. 

In the simpler forms 
of end- bulbs, as those 
found in the conjunctiva 
ir", i™.S ZTZ;,':^.rSl ""-i •>>= ona mucous 

oeiye-fibre which ijiiiip- bulla: ■, nervilibrcm enlering membrane of CCrtain 

^r A-™-!!" "'*^'' """'™"- f*""^'""'-' mammals, the body is 
bor ne upon a stal k, which 
contains the medullated nerve-fibre and, possibly, a minute blood- 
vessel enveloped in connective tissue. The sheath of Henle invest- 
ing the nerve is prolonged into 
Fig. 106. the nucleated capsule. The latter 

encloses a conspicuous CYlindrir al 
of g raniitar or faintly striated 
ale stlt35fance — the inner bulb — 
within which the free axis-cylinder 
lies, terminating often in a slightly 
marked knoUjke expansion. The 
medullary .OTDslance ends where 
the nerve-iibre enters the inner bulb- 
Furth^^oWJjlexity in the struct- 
ure of the end-bulbs is largely 
due to elaboration of the capsule ; 
this latter becomes laminated and 
«ery thick, while the inner bulb 
nkewise exhibits new details of 
structure. Since the intermediate 
forms in the series of end-bulbs do not occur in man, the highly 
specialized corpuscles of Vater, or the Pacinian bodies, may at 
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once be considered. These structures, widely distributed in man 
and mammals, are elliptical, semi-transparent bodies, some a-3 mm.- 
long and half as broad, which occur along the nerves supplying the 
skin, especially of the hands and feet, the external genitalia, the 
joints of the extremities, the periosteum of certain bones, the peri- 
toneum, and many other localities. Of the three component parts 
of the typical end-bulb, the capsule has undergone the greatest 
development in the corpuscles of Vater, being composed of 25-50 
concentric connective-tissue lamellae, each of which possesses an 
outer transverse and an inner longitudinal layer of fibres, and is lined 
by a single layer of endothelial 
Fig. 107. cells ; the nuclei of these plates 

are seen in profile throughout the 
capsule. The individual lamellae 
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are separated by a clear serous fluid, which is largest in amount be- 
,tween the peripheral layers, since the lamell-e immediately surround- 
ing the inner bulb are thinner and more closely placed. The lamellae 
of the capsule are often united along a longitudinal area — the intra- 
capsular ligament — which corresponds to the course by which the 
nerve-fibre gains entrance to the inner bulb ; occasional trabeculae 
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also pass between the adjacent lamellae. After silver staining^s the 
corpuscles of Vater appear to be completely invested with a mosaic 
of endothelial plates ; these markings are due to the cells which line 
the inner surface of the outer lamellae. 

The core of the corpuscle is occupied by a light granular or faintly 
striated cylindrical mass — the inner bulb — composed, seemingly, of 
an almost homogeneous tissue, closely resembling protoplasm, in 
which nuclei and indistinct fibrils sometimes are seen. Within and 
corresponding to the axis of the inner bulb lies the free axis- 
cylinder, ending frequently in a slightly expanded terminal knob ; 
the medullary substance surrounds the axis-cylinder as fer as the 
inner bulb, where it disappears. The small artery usually accompany- 
ing the nerve-fibre within the stalk of the corpuscle gives off fine 
branches to be distributed to the outer layers of the capsule. 

The corpuscles of Herbst, found in birds, closely resemble the 
Vaterian corpuscles of mammals, possessing, however, a less devel- 
oped capsule and an inner bulb beset with a single or double row 
of nuclei. 

From the foregoing sketch it will be seen that, taking the tactile 
cells as a ground-form, the special nerve-endings are developed along 
two lines : one type is represented by the spherical tactile cor- 
puscle, composed of winding nerve-fibres bearing tactile disks 
placed between tactile cells and enveloped within a capsule; the 
other by the cylindrical end-bulb, in which the central nerve- 
fibre lies within a cylindrical inner bulb, enveloped by a capsule 
developed to a greater or less degree. As the highest representative 
of the first group stand the complex tactile bodies of Meissner ; of 
the second group, the corpuscles of Vater, 

The following table indicates the relations of some of the principal 
forms of special sensory nerve-endings : 

Simple Tactile Cells. 

( Ground' Form, ) 

Epidermis of man and mammals. 

Compound Tactile Cells. 

Grandry s Corpuscles : Epidermis of birds. 
MerkePs Corpuscles : Epidermis of mammals. 

Tactile Corpuscles. 

{Spherical, ) 

spherical End-Bulbs : Conjunctiva and mucous membranes of 
man. 
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Leydig's Corpuscles : Skin of amphibians and reptiles. 
Genital Corpuscles : Clitoris, penis, etc. , of man, etc. 
Articular Corpuscles : Phalangeal joints of man, etc. 
Tactile End- Bulbs : Skin of bill, lip, etc., of birds. 
Meissners Corpuscles : Cutis of hands, toes, etc., of man. 

End-Bulbs. 

(^Cylindrical.) 

Cylindrical End-Bulbs : Conjunctiva and mucous membranes of 
mamtnals. 

End' Capsules : Buccal glands of hedgehog ; tongue of elephant. 

Herdsfs Corpuscles : Skin and mucous membranes of birds. 

Key-Retzius Corpuscles : Skin of bill of birds. 

Voter's Corpuscles : Cutis and many other situations in man and 
mammals. 

NERVE-ENDINGS IN MUSCLE AND OTHER ORGANS. '^ 

Non-Striated Muscle. The sympathetic nerves supplying this 
tissue are composed of bundles of non-meduUated nucleated fibres, 
and are enveloped by a thin perineurium ; these fibres are associated 
as small bundles and unite to form the ground-plexus, in the nodal 
pomts of which ganglion-cells usually occur. From this net-work 



Fig. 109. 
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Nerves of involuntary muscle from the plexus of Auerbach of intestine of 
>g: gold preparation : g; nodal points of plexus containing ganglion-cells ; n, 

bundles of non-medullated nerve-fibres : from these the small branches (/*) extend 

which give off the fibres directly supplying the muscular tissue. 

^"^ branches are given off, which join to niake up the intermediate 
plexus; fine bundles of intramuscular fibrillae further extend 
Meetly to the contractile tissue. The fibrillae pass between the 
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primary bundles of the muscle -cells, and probably terminate in finely 
pointed or slightly thickened free ends ; the direct connection be- 
tween the nerve-fibrilUe and the nuclei of the muscle-cells is, at best, 
extremely doubtful. 

Striated Muscle is supplied with both motor and sensory nerves ; 
the latter are distributed 
as a loose net-work, the 
fibrillse of which appar- 
ently terminate between 
the individual muscle- 
fibres. 

The medullated nerve- 
fibres composing the 
motor supply of a vol- 
untary muscle unite to 
form an iatramuscular 
plexus, from which small 
bundles of nerve-fibres 
spring, and subsequently 
divide in such manner 
that a single medullated 
axis-cylinder passes to each muscle-fibre. At the point where the 
nerve pierces the sarcolemma the medullary substance abruptly 
ends, while the neurilemma, blended 
„ with the sarcolemma, joins the peri- 

neurial (Henle's) sheath in forming the 
telolemma, or the sheath investing 
the end-organ. The axis-cylinder, now 
beneath the muscle-sheath, continues 
upon the surface of the sarcous sub- 
stance, and, later, breaks up into a 
number of somewhat tortuous ultimate 
fi brill ee, which irregularly unite and 
end in thickened bulbous extremities. 
The terminations of the nerve are 
embedded in a flattened nucleated 
rh"hV.%TMyiil'd^^"Vli,Tdtr'k mass— the sole -plate— composed of 
•rbomceni fipir=; ihe i.ic.r ]in coi- soft faintly granular protoplasm, which 
(.)comp^'Vg^nu'J'^to'pi«m"° resembles sarcoplasm and is closely 
applied to the surface of the muscular 
substance; this mass, together with the embedded nerve -fibrillie, 
constitutes the motor disk, or end-plate. 

Each muscle-fibre possesses usually but a single end-plate; in 
exceptional cases, however, there may be two or more ; likewise. 
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several nerve-fibres instead 
ofa^gle one may supply 
the end-plate. 

The nerve-endings in 
the vohintary muscle of 
amphibians and bony fishes 
differ from the foregoing in 
theabsence of the granular 
protoplasmic disk, and in 
the more diffuse disposi- 
tion of the terminal nerve- 
fibres. The axis-cylinders, 
in these cases, branch into 
fibrillie which extend for 
some distance parallel to 
the axis of the muscle- 
fibre and end in slight 
bulbous expansions ; gran- 
ule pyriform nuclei also *■ 
occur along the course of 
these fibrillte. i 

The muscle-spindles 
described by Kiihne are 
considered as special 
sensory nerve - endings. 
They contain muscle- 
fibres and the terminal 
^rizations of the nerve 
surrounded by an en- 
velope of connective tis- 

Teadon. In addition 
to the sensory eod- 
Plates of tendon, studied 

^y Kolliker, RoUett, 
Sachs, Golgi, and others, 
»hich consist of an intri- 
"^t* net- work of pale 
"on-meduUated fibres, 
"^Igi has described pe- 
culiar nerve- endings in 
tendon to be found in the 
immediate vicinity of the 
union with the muscle. 
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Fig. 113. 



These tendon-spindles appear as sharply-defined, greatiy-elon — 
gated, elliptical masses (in the rabbit .25-. 75 mm. long and .02-.0E: 
mm. broad), one end of which extends upon the tendon, while th^ 
muscular pole is usually, although not always, continuous with th( 
adjoining muscle-fibres. The tendon-spindle is composed of 
distinct connective-tissue capsule, which, embracing two or more of 
the primary bundles of the tendon, becomes united with the sheatl^B- 

of the latter ; the inner surface of the spindle is covered with endo^ 

thelial plates. MeduUated nerve-fibres to the number of two, three^. 
or four join the organ near its widest part, sometimes, however, aC:= 
one end; aTter repeated division as meduUated fibres, the nerv< 
spread out on the surface of the tendon as pale non-medullat< 
fibres, whose axis-cylinders unite to form a richly but irregularly — 
meshed arborescent figure ; the ultimate fibrillae, in addition to th^^^ 
net-work, present numerous knobbed free ends. 

Blood- Vessels. The blood-vessels are accompanied by nerve — 
fibres derived from the sympathetic system ; in addition to the pal^ 
fibres, a few meduUated ones usually take part in the production of" 

the irregular net-work surrounding^ 
the larger vessels. From this plexus 
fine branches are given ofT, whiclm. 
ultimately end between the muscu- 
lar bundles of the media and withiix 
the fibro-elastic tissue of the adven- 
titia. The capillaries are accom- 
panied and partly surrounded by 
delicate non-medullated nerve- 
fibres. 
The muscular tunics of the large lymphatic trunks are supplied 
with nerves in a manner similar to the blood-vessels ; the delicate, 
thin-walled lymphatics are probably without nerves. 

Glands. A detailed account of the nervous supply of the larger 
glands will be given in connection with the consideration of the 
several organs ; it may be mentioned here, in general, that the more 
important glands are provided, in addition to the meduUated nerves 
often found passing through the substance of the gland in their course 
to the contiguous skin or mucous membrane, with nervous bundles 
in which non-medullated fibres predominate, but in which some 
meduUated ones also occur. These bundles form an interlobular 
plexus, rich in ganglion-cells, which accompanies the larger excretory 
ducts and blood-vessels, and gives off a few branches to be distributed 
to the muscular coats of these tubes. Thin bundles of pale fibres 
bear the smaller ducts company as far as the primary groups of acini, 
and there break up into minute bundles of free axis-cylinders passing 




Nerve-fibres accompanying a small artery 
(v), from the mesentery of rabbit ; gold prep- 
aration. 
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between the acini. The nerve-fibrillae may be traced readily to the 
membrana propria of the acini, around which a net- work is spun ; 
regarding their ultimate distribution and relation to the secreting 
cells much uncertainty still exists, notwithstanding many elaborate 
investigations and positive statements. 

The exact mode in which the nerves terminate within the acini is 
still doubtful ; it is probable, however, that the fibrillae end between, 
or in apposition with, the ends of the secreting cells directed towards 
the basement-membrane ; proof of direct con- 
nection between the nerve-fibrillae and the se- 
creting cells, as often described, is wanting. 
Likewise the mode of termination of the med- 
uilated fibres, which, as already stated, con- 
tribute to form the interlobular net-work, is 
uncertain; in some glands, as in the pancreas 
of the cat and the buccal glands of the hedge- 
hog, they terminate in special nerve-endings 
resembling the corpuscles of Vater. 

The perceptive apparatus connected with the 
termination of the nerves of special sense 
include the highly specialized epithelial struct- 
ures made up of the neuro- epithelium ; the 
rod- and cone-cells of the retina, the hair-cells 
of the internal ear, the olfactory cells of the nasal fossae, and the gus- 
tatory cells of the taste-buds are important examples of such tissue. 
In these structures the specialized epithelium forms the apparatus for 
the reception of the external stimuli, while the nerve-fibres provide 
for the further transmission of the impressions so appreciated. The 
relation between the receptive cells and the conducting nerve-fibres 
must be, evidently, very intimate ; a direct anatomical continuity 
between the two, however, must be regarded as extremely doubtful 
in the light of recent research. 



Nerves ending in glands, 
from the parotid of dog; 
gold preparation : «, group 
of secreting cells of single 
acinus ; «, nerve-fibre lying 
outside the membrana pro- 
pria and giving off twigs 
which enclose the acinus 
within a net-work of ter- 
minal nerve-fibrillae. 
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CHAPTER VII. 

THE CIRCULATORY SYSTEM. 



The circulatory apparatus comprises the channels for the con- 
veyance of the blood-stream, the vessels, and the dilated and special- 
ized portion of the vascular tube, constituting the heart, for the pf*'' 
pulsion of the current. In development and structure the sevef^ 
parts of the vascular system possess much in common, atthoug^*^ 
variations in the details of the walls of the blood-channels suffice t^ 
distinguish the different portions. , ,, : ; .^vi . . 



V^ ^HE BLOOD-VESSELS. 

^ The blood vesseb occur in three forms, as arteries, veins, an<^ 
capillanes^ the latter constituting an expanded system of thii» " 
walled tubules mtimately related to the organs, and especially der -" 
V-jf. ' signed to fecilitate the interchanges be^^ 

•■i Fig iif[ <■ " tween the nutritive current which the^^ 
, jv. ,-V j^ry and the tissues through which thej*' 

"* The arteries possess three coats — th^ 

" inner, or intima, the middle, or me^- -■ 

and the external, or ai^ventitia. Sinc^ 

these coats vary in relative thickness ancJ 




in details of structure with the size of the vessel, it is usual to classify 
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j^eiies as small, medium, and large. The first group includes the 
erminal branches near transformation into capillaries, the second, 
ill the named arteries of the body, except those which, as the aorta 
or the pulmonary artery, are recognized as belonging to the third 
group of large arterial vessels. 

The inner coat, or intima, as seen in a typical artery of medium^ 
size, comprises three layers: (a) an cndotheliaUining, made up'-. 
of long, lanceolate, nucleated plates, united by a sinuous line of ,' 
cement-substance and placed parallel to the axis of the vessel ; (d) a 
sub-endothelial layer of delicate fibrous connective tissue, with 
brandied corpuscles; (c) a band of elastic tissue— the internal 
elastic membrane — which forms the most prom- 
inent part of the intima, appearing in sections of 
medium-sized ar- 
teries as a clear, 
glistening, and 
usually corrugated 
haod seugjalioj;, 
the tissue of the 
inner coat from 
•liat of the media. 
The sub-endothe- 
lial tissue, which 
separates the en- 
dothelium from 
the internal elastic 

■uembiane, is wanting in the smaller arterioles, but appears in vessels ^ 
of medium size as a longitudinally disposed layer, becoming more 
conspicuous with the increased calibre of the artery. In tubes of \, 
"fge diameter, as in the aorta, the sub-endothelial tissue appears as 
* stratum composed of layers made up of fibrous tissue, elastic net- 
'"t'ts, and flattened connective -tissue cells. Likewise, the elastic * 
"ssue of the intima increases in amount and in complexity, in the 
1*1? arteries the broad elastic fibres becoming fused together to 
form an almost continuous sheet— the fenestrated membrane of 
Henle. 

The middle coat, or media, is the muscular tunic, and consists 
pnndpiiiy of circularly disposed bundles of non-striated muscle-cells ; 
'^se elements, when isolated, appear as broad, nucleated, irregular 
3^|] £e-cells , presenting ragged outlines. In many arteries, con- 
^pSiously the 'subclavian, the inner portion of the media con- 
tains additional muscle-cells longitudinally disposed. In the smaller 
^tenes the muscular tissue constitutes almost the entire media, but 
an insignificant amount of intermuscular fibrous connective tissue 
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being present ; with the increase in the size of the vessel, h 

the quantity of such tissue becomes greater, in addition ti 

bands of elastic tissue also make their appearance betw 

muscle- bundles. 

In the large vessels the fibro-elastic tissue forms a cons 

portion of the media ; in the aorta tht 

Fic. 119. tissue occurs as robust circularly arrange< 

supplemented by oblique and longitudi 

beculse of similar nature ; these elastit 

together with the accompanying fibrous 

constitute the predominating struct u 

muscle being less conspicuous in plac 

the intermuscular hbro -elastic strata. 

Owing to thb generous admixture oi 

tissue, the l arge arte ries, while possesst 

lutelyof a greater amount of elas^c-tissi 

walls relatively less contractile than thos 

smaller a rteries, whose media is comp 

almost pure muscular tissue. 

The external coat, or adventitia, is the most resistant 

the vessel, its characteristic strength being due to the g 

amount of component fibro-elasti 

'Fig- 120. The fibrous tissue is arranged as 

";" -' -~_ ."- .'-l'^ ;■ felted bundles, irregularly plac 

X^'.---..' "^ ":_ intermingled with longitudinal b 

\.~ - - ■ ■ -- i; elastic tissue; numerous flatten 

V J nective-tissue cells lie between the 

*-r ■-= applied to the fibrous trabecula 

1 _^ mesh-work is closer and the 

J -iJ* of elastic tissue greater next th 

> ^; than towards the outer surroundi 

- ;. nective tissue into which the ac 

rj insensiblyblends^— Inthelarger* 

--- ■' :; the middle and^outer coats are st 

'A by a band of £ondensed elastic^ 

the external elastic membrane 

' " tain arteries present p{£uliari 

SKiion of >aru of thiid: /. M, their coats; as examples of sue 

^ Id'..™St."'''TT[e*ih™',I!^.1!m ''°"^ ""^y ^^ ""'^^ ""^ slight ( 
, or tulxiidaibcUaUiiiiie and ihe layer ment of the sub-en doth el ial tissu 
at ipngi.udin.iiy di,p™.d in.=di« of imima of the external iliac, renal, 

nuick (*) an piculiantKt of the . ... . . 

iniKrcbat. tcric, and coeliac arteries, the 

ance of l or-git udinal muscle-cell; 

the intima of the aorta, and the presence of longitudin^ 
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posed muscular tissue within the adventitia of other vessels (su- 
perior mesenteric, splenic, renal, 
and iliac arteries). 

In passing from medium-sized ar- 
teries towards smaller vessels, the 
coats become reduced in thickness, 
the media being earliest affected. 
The intima of the smallest ar- 
terioles consists of an endothelial 
layer alone, the middle coat in- 
cludes but a single layer of muscle- 
cells, while the external tunic is re- 
duced to a few longitudinal bundles. 
The vessels intermediate between 
small arteries and true capillaries 
no longer possess a com plete layer 
; of^nrngclfi.- cells, the media being 
represented in such arterioles by 
srattered groups of circularly placed 
spindle- cells, forming an imperfect 
niuscular sheet, which partially en- 
codes the vessel. Thi; nuclei of 
^^ circular muscle-cells are trans- 
versely placed, while those of the 
wdothelial plates are usually longi- 
tudinal or parallel with the axis of the vessel. ' < 

THE VEINS. ' , 

The veins possess the same tunics as the arteries, but, in general, 
^ characterized by thinner walls and a preponderance of connective 
""erthe muscular and elastic tissues. There is, further, less regti- 
l^ty and constancy in the structure of the coats. 

The inner layer of the intima consists of a single layer of endo- 
uieUal cells, rather broader and more polyhedral in form than those 
'"ung the arteries, the spindle shape being best marked in the 
smaller veins. The subendothelial tissue contains numerous con- 
nective-tissue corpuscles, and, in the larger veins, is arranged in 
*slinct lamelbe. An inner elastic membrane is generally present, 
usome cases taking the form of a fenestrated layer. 

The media consists of circular bundles of muscle-cells, associated 
•"h lamelUe of fibro-elastic tissue in the larger veins. This coat is 
'*5i developed in the veins of the inferior extremities, less so in 
those of the upper limbs. The niuscle^tissue of the veins is sub- 
ject to many varbtions, both in amount and in arrangement, that 
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of the media is very scant or altogether wanting in a nun 
veins, including the thoracic part of the vena cava, the inter 
external jugular veins, the veins of the pia and dura, of the 
of bone, and of the corpora cavernosa. Certain veins posses: 
tudinal muscular bundles in Che inner part of the media ; : 
the mesenteric, umbilical, ihac, and femoral. 

[dyentitia, often the thickest coat of the vein, cor 

stout neMvBrks composed of bands of fibro-elastic tissue ; i 

veins additionaX^undles of plain muscle occur>vithin th 

^ *'*'?fiTiong the venous trunks possessi 

'-('.• ■■ marked, longit ud inally ar ranged 

J_^-/ lar tissue in the external (;nat 

- ■ abdominal cava, azygos, hepatic, 
splenic, axillary, superior mef 
renal, spermatic, and external ilia 

. 1- 1/ The veins of the gravid uterus 

jT' muscular tissue in all the coats, tl 

- . cipal bundles running longitudinal 
^ " The valves with which many v 

' '. provided consist of crescentic fold 

. ■ inner tunic of the vessel, strengthi 

additional fibro-elastic tissue ; ii 

instances the muscular bundles exi 

a short distance into the valve. 1 

or the attached margin of the valve 

its thinnest part, the free edge 

section of iiuiMiivEip of medium gomewhat thickened. The striat 

intims.'niedLi, andndvtDuiLi. .jiliflc_g>us cular tis suc Is coutinu 

/short distan ceJH-fh e walls of tho 
of the venae cavse and of the pulmona[y_vdnsjiTimediateI^_a 
the heart ; the explanation of this iact is found inthe denv 
these portions of the vessels from the tissues of the primitiv 
tube. I 7 f-'.j^-i.-- -[■-•-i-^t,/ .u- (1--1.*- t ' -\-^:-^oi^^ ^-■^~- 

U:.'- W t,.,j:J-HE CAPILLARIES.','" ■'' ' - '^ ■.'■ ■■■-: 

The capillaries establish the oply com municat ion, with fen 

tions, between the arteries and the veins, and, further, pro 

inVinate anatomical relation between the n_utrilive_current 

V Issues of the body necessary for the maintenance oTthe i 

jj' - and functional activity of the various organs. As exceptior 

.-^ usual intervention of the capillaries between the arterial and 

;> radicles, the dji;ect communication between these vessels ex 

T the ergEHaiiig&ua of the genit al orga ns, in the s plee n, and 

■ U jiarts of the peripheral circulation, as in the tips of the fing 

-'^ toes and of the nose, may be mentioned. 
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The capillaries form rich n et-wo rks in almost all tissugs and m^ns, 
the principal localities where these vessels are wanting being epi- 
thelium, the hairs, the naib, teeth, cartilage, the cornea, the crys- 
talline lens, and certain parts of the nervous system. 

The capillary net-works vary in the size both of the meshes and 
of the constituent vessels. The average diameter of the capillaries 
is 7-10 p ; the smallest are found in the brain , retina, and muscle ; 
the bluest i n bone- m arrow, dentinal ^,..f '^^^ ' 

pulp, and the liver. The closest meshes '^'" ' fS^h: 

aft found in the Si r- vesic les of theTOngs]/ 
thechoroid,. the liver, and other glands^; 
the widest in the serous membranes, 
tendon, etc. Young tissues are more 
lichly supplied than old ones. 

The capillaries consist of a single 
byer of endothelial cells, united by 
intercellular cemeiil-substance ; they 

sre, consequently, protoplasmic tubes IIl/„™J^ioJ7i,'j"nd",he'iuI]'''ui"a'i"i'''' 
<^ high vitality, admirably designed to wiibin ihc conncciivc liuue if). 
Mitate theTnterchanges maintaining 

nntriiion, ^^After staining with silver the endothelial plates are seen 
« enended spindle- cells, united by irregular lines of darkened 
cement-substance ; at the points where the vessels branch, irregular 
Iriangular cells are not infrequently seen. In such preparations, 
Bkewise, along the lines of union or at the juncture of several plates, 
"regular darkened areas — the stigmata — may be observed ; these 
'K probably minute spaces occupied by stained albuminous sub- 
winces; these areas are supposed to aid the dJapedesJs or irans- 
nigraiion of the blood-cells. 5^^ ^ ,x. i^ C^<; ^ • ' -C^ 

Some capillaries are invested by an imperfect adventitiou s coat, 
fcrmed by a net-work of surrounding branched ' ttnnnecti ve-t is.su e 
^H and resembling the reticul um present in l ymph oid tissue. The 
■niimate relation existing between the endotheliuin of the vessels 
^ the surrounding connective- tissue corpuscles is well exhibited in 
young growing tissues, as the omentum. _ S 

"^ pecuUarities distinguishing the capillaries from the small 

capillary" arteries or veins consist not so much in the size of the 
vessels— for the capillaries may have absolutely the greater calibre — 
^ in the character of their walls. The true capillary possesses na 
~^^j!t^el/s, these first appearing in irregular groups beyond the 
linjifeof the capillary vessel ; in those cases where, as in certain 
^"K, muscular tissue is wanting, the character of the adventitia of 
"I* vein will aid in determining the character of the vessel. 

Small blood-vessels — the vasa vasorum — provide for the nutri- 
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tion i^the walls of the medium- and lai^e-sized arteries and veins. 
These vessels arise some distance from the area which they supply, 
irequently coming from a different branch or, as in the case of the 
veins, from a neighboring arterial stem. 
/^ ThsJierves of blood-vessels are mainly derived from the sym- 

^ patfietic system, and hence are principally of the no n- m edullated 
kind ; a few meduUated fibres, however, are usually present. The 
nerves accompanying the blood-vessel give off branches, which form 
surrounding plexuses ; from these minute bundles pass, whose com- 
ponent fibrill^e are distributed to the media and the adventJtia, The 
capillaries are accompanied by correspondingly delicate fibres. 

J'-'' Lymphatic clefts and vessels are found in the external coat of 

ji. the larger vessels. In many places, as in the nerve-centres, including 
the organs of special sense, in the peritoneum, etc., the lymphatic 
clefts of the adventitia unite to form a large ensheathing circular 

' ■' sinus — the perivascular lymph-space — ^which separates a portion 
of the adventitia from the remainder of the vessel ; as a result of this 
arrangement, the blood-vessel seemingly lies within the lymph-space. 
Perivascular lymphatics may be readily observed in the pyeritoneum 
of the frog. 

THE HEART. 

The heart-walls consist of three layers— the endocardium, the 
muscular layer, and the pericardium. 
Fic. 114. The endocardium forms the serous lining 

i ■ L ,, of all parts of the organ, becoming continuous 

J I ]■ ■ with the inner tunic of the blood-vessels at the 

I , ' ',. several cardiac orifices. The inner free sur- 

" / . ' ]'\ I face of the heart is covered with a single layer 
■ '^1' of polyhedral nucleated endothelial cells. 

'■ 1 , 1 ■ These latter rest upon the substance proper 

> : t of the endocardium, a stratum composed of ■ 
^ ' '.'■['. fibrous connective tissue mingled with a felt- 
' ' ' work of elastic fibres; the elastic n et- works - 

I are especially well developed in the auricles, : 

'1 in certain parts of which the broad fibres join . 

to form fenestrated membranes. The outer 
ii,g"hd«°^i't.T" ^"™do°hT connective-tissue layer of the endocardium 
Uiud: *, lubradoitiriiai con- is continuous with the perimysium of the 
b^Tl'^^.^n"''™".-™" muscular tissue. 

t>r eia«ic libm (r) : J. irwu- The heait-valves are formed by duplica- 

"i^'i^i^. '""'''"' ''' """ ^"""^ °^ *-^^ endocardium strengthened by 

bands of fibrous tissue enclosing numerous 

elastic fibres. The endocardial layer of the auricular side of tte 
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anriciilo-xentricular valves is thicker than that of the ventricular 
"siuSce. The roots or attached portions of these valves possess 
thickenings— the wmuli fibrosi — composed of supplementary 
masses of fibro-elastic tissue. The auricular muscle is continued into 
the valves for about one-third of their width, following closely the 
genera! contours of the fold. Within the larger chordEC tendinete 
the papillary muscles extend for some distance in addition to which 
Eobted muscle bundles ae alw sMnetinw* present The semilunar 
valves possess a thm J -= J Jr ^j/XM^^-^'"'^^'^ 
eiastK layer on the ' "^ 1 . . F =.■; 
anenal sur&ce aug 
mented by a thick 
stra um of connective 
tissue the bundles ex 
ending parallel w th 
tile mai^n of the 
alve increased 
strength is secured by 
"~~^bro-elastic nodule 
or corpus Arantii 
whKh occupies the 
raddle of each leaflet 
Beneath the ventric 
uW endocardmm m 
"Mny animals (deer 
sl>«p calf pig horse 
goat dog certam 
Ms etc ) but not m 
"Mn peculiar bands — 
thefibresof Purkinje 
"Occur these are 
muscular fibres whose 
t'Msverse stnat ons skuqh o 
^ lim ted to the pe of ibe po m. 
"pheral zone, while ^^.'„fv.i 
"■sir centre is occupied edge of .»ii 
''y a lai^e continuous '^"■j*'"^! 
"•sss of nucleated pro- ibc rtdocin 
toplasm. The fibres 

'f Purkinje represent an embryonal condition of the muscular tissue, 
^■we the peripheral part of the fibre alone has undergone differen- 
''^n, while the central jxirtion has remained indifferent protoplasm, 
^ng some lower vertebrates, as fishes, a similar condition of the 
ouscle-fibres is constant. 
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The muscular tissue of the heart possesses the pec 
already described in Chapter IV. ; it is composed of short, b 
nucleated fibre cells devoid of a sarcolemma, which unite 
an intricate net work The naked piuscle- fibre s are e 
within a ^jgpmy^imn and are grouped into prnnary and s< 
bundles i^hich are associated to form lamella disposed t 
irregular and complex manner. 

The muscular tissue of the auricles is arranged in genei 
outer transverse and an inner longitudinal layer, many s 
ditional bundles deviating from the principal disposition t 
independent courses in various d 
The muscle- bundles of the ventri' 
a very intricate arrangement, the 
extending in an irregular oblique 
direction, some, in fact, describing 
of eight in their course. 

The pericardium, which in^ 
exterior of tht heart, and by 
forms the pericardial sac, resen 
endocardium in possessing a sin 
of endothelial plates covering 
surface, and a stratum of fibro-ela 
nective tissue beneath. The 
pericardium is distinctly thicker 
visceral, all the constituent lays 
better developed. The subp 
tissue covering the heart is c< 
with the intermuscular connecti 
of the outer muscular layer; in \ 
tion numerous fat -cells lie beh 
bundles of the fibrous and the 
tissue. 

Theblood-vessels supplying tl 
of the heart are derived as bra 
The principal trunks are situate 
sses of connective tissue, within wh 
twigs giving origin to the capillai 
primary muscle -bundles, among and p 
which they run. The relation between the ijidivi^WLuius 
and the capillaries is more intimate than usually supposed, 
shown by~RIelgs, theblood-vessels deeply impress the fit 
in some places are surrounded completely by the muscul. 
The extraordinary demands made upon the nutrition of tl 
tissue as the result of its remarkable functional activity ex 




the cproi^ry arteries, 
larger interlamellar m 
divide into 
latter penetrati 
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necessity for such close arrangement. The deeper fibrous layers 
of the pericardium and of the endocardium receive numerous capil- 
laries, a few being also found within the chordte tendinex and the 

The lymphatics of the heart are very numerous. They form 
a comprehensive system, embracing the lymph-spaces occupying 
the clefts between the muscle-fibres and the rich net-works of 
more definite channels extending within the pericardium and endo- 
cardium, including the valves. These two sets of lymph-radicles 
communicate but sparingly and pursue largely independent courses^ 
Lymphatic vessels also accompany the branches of the coronary 
arteries. 

The rich nervous supply of the heart is derived from the coro- 
nary plexuses, and includes numerous medultated fibres coming from 
the pneumogastric, as well as the non-medu Hated sympathetic fibres 
proceeding from the cervical gan glia. Numerous microscopic gan- 
glia are found along the course of the larger nerve-trunks accom- 
panying the branches of the coronary arteries, especially in the 
longitudinal interventricular and in the auriculo-ventricular furrows. 
Many additional small groups of ganglion -cells occur within the 
muscular tissue associated with the fibres supplying the intimate 
structure. The nerves and the blood-vessels are covered by the 
visceial pericardium. 

The development of all parts of the circulatory apparatus 
takes place within the mesoderm ; while possessing a common Z^ 
origin, the b lood-ves sels and the heart,, however, develo p in- ^ " 
depend ently, and, for a , _.^^eL'i'*^ 
time, are distinct and dis- H 
connected. The earliest 
blood-vessels appear near }jt 
the periphery of the vascu- \i I 
lar area, outside the limits ^ , 
of the proper body of the {\ 
embryo ; later and second- 
arily they extend centrally 
and unite with the primitive 
heart and those parts of the OfveiopinR cpiiiBiy biood-vcvKi* ■ithin iht Dmcniuo 

large trunks which have of yonngnibbii: a.a.dongjiled pmloplajmic procoKl 

been formed coincidently l°Atht«gtbu!^c^o^V«'il.V."lIu?™■^t,«t«(*^ '"' 
within the embryo. 

The mesodermic elements within certain tracts near the periphery 
of the vascular area undergo proliferation, which results in the pro- 
duction of deeply staining densely nucleated areas known as the 
blood-islands of Pander ; these are the direct progenitors of the 
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:> earliest blood-vessels and the first blood-cells. The blood-channels 

^ appear within the nucleated ** islands" as spaces which follow the 
partial breaking down of the inner portions of the areas. The 
^ peripheral zone of the nucleated cell-mass becomes the endothelium 

of the future blood-vessel, while, probably, certain of the enclosed 
mesodermic elements persist as the primary blood-cells. After a 
time the mesoderm surrounding the newly-formed endothelial tube 
differentiates into the muscular and other tissue of the remaining 
coats. The endothelium is, therefore, genetically the oldest part 
of the vessel, although its characteristic appearance, as seen in 
silvered adult tissue, is not visible until further differentiation has 
taken place. 

The blood-channels are further extended by the fusion of elongated 

mesoblastic cells with those of the walls of the primary vessels, the 

lumina of the latter gradually entering the solid processes, which are 

thus converted into tubes. After the development of the earliest 

vessels in the manner indicated, the formation of all new vessels 

subsequently, in pathological processes as well as in normal ones, 

J ~ is associated closely with the connective-tissue cells, since 

: \ solid protoplasmic processes of the united cells become later the 

3 walls of the young vessel. 

V The development of the heart resembles that of the extra- 

embryonic vessels in so far that the part first formed— the primary 
endothelial tube — originates by the differentiation of the mesodermic 

cells and the hollowing out of the tissue 
lying enclosed. ' In its very early stage the 
mammalian heart exists as two distinct and 
widely-separated tubes, which later unite to 
form a single sac. Outside the primary 

^«Jjg«^^«r><a^ ^'^^^^^^^^^^ heart the mesoderm differ- 

W?^K^j, entiates into the muscular tissue of the 

Section of a part of the develop- cardiac Wall, but for some time the endo- 

ing heart of a rabbit embryo of ^« i . , . i , 

eleven days : e, the endothelial thelial and musculaT laycrs coutmue as 
lube, within which lie several of independent tubcs, the inner endothelial 

the primary nucleated red blood- •« « . i , 

ceu. {6): m. the riightiy differ- ""ing appcanug as a shrunken cast repro- 
entiated mesoblastic cells, which ducing the cotttours of the larger musculaf 

later become the muscular tissue. ^^^^ ^ nr»t_ . - • ^ j » 

organ. The two tunics are connected by 
numerous bridging bands, which increase in number and size with 
the progress of the development of the organ ; these primary tra- 
beculae are represented in the adult organ by the columnae carneae 
and musculi pectinati. The pericardium originates as the special- 
ized layer of mesoderm — the mesothelium — forming the immediate 
boundary of the general primar)*- body-cavity, of which the peri- 
cardial sac is only a constricted portion. 
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THE BLOOD. 

While, when physiologically considered, the blood is regarded, 
with Bernard, best as an internal medium of exchange, histologically 
it may be classed as a mesodermic tissue possessing a fluid inter- 
cellular substance, the liquor sanguinis; in the latter float the 
cellular elements — the blood- corpuscles. 

The morphological constituents of the blood are of two kinds, 
the colorless or white corpuscles and the colored or red cells ; 
to these must be added a third variety, the blood-platelets or 
blood-plaques, which are probably constant and independent ele- 
ments. 



THE COLORLESS CELLS OF THE BLOOD. 
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The colorless blood-cells are not peculiar to the blood,, since 
they originate in lymphoid tissues and bone- marrow and are car- 
ried into the blood-current, in ^hich fluid lhey~usually are ob- 
served. Critical examination 

of suitably stained preparations ^^^ 

of human blood shows that the 
colorless cells include several 
varieties which are character- 
ized by differences of size, nu- 
cleus, and granularity. 

These varieties are : 

1. Small lymphocytes, 
vrhich are about the same size 
^s the red blood-cells, or some- 
'what smaller, and contain a 

nucleus relatively so large that Leucocytes in normal human blood, stained and 

. , . ... . , highly magnified: a, small lymphocytes; ^, larg« 

^mOSt the entire cell is occupied leucocyte; c, transition form: d, polymorphonu- 

t)y this body. The protoplasm clear cells: r, eosinophilic leucocyte: r,redcorpus- 

is confined to a thin inconspicu- ^ "" 

ous envelope and is usually devoid of granules. This variety may 
l>e regarded as the youngest form, and probably originates solely 
ivithin lymphoid tissue. ^ - - • < - 

2. Large mononuclear leucocytes, two or three times larger 
than the red cells, are frequendy of an oval form and contain a nu- 
cleus which stains less intensely than in the younger cells, owing to 
Its comparative poverty in chromatin. The protoplasm of these leu- 
cocytes contains but few, if any, pale granules. 

3. Transitional leucocytes, which represent more advanced 
stages of development, are characterized by a nucleus exhibiting vary- 
ing degrees of indentation j so that the nucleus often appears kidney- 
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shaped or of a horseshoe form. The protoplasm resembles that of 
the large mononuclear cells, presenting ordinarily no granularity, a 
few eosinophile granules, however, sometimes being distinguishable. 
4. Polymorphonuclear leucocytes constitute the form most 
frequently encountered, and probably represent the fully developed 
condition of the leucocyte. These elements are distinguished by 
the variously distorted nucleus, which, being fairly rich in chro- 
matin, presents a striking figure in stained preparations. The 
segments usually retain connection by delicate threads of chromatin ; 
exceptionally the bridges become broken, in which case the term 
* * polynuclear' ' is appropriate. Occasionally cells may be observed 
containing granules which stain deeply with eosin. Such ** eosino- 
phil ic* * leucocytes probably represent later phases of development 
According to Ehrlich's teaching, the lymphocytes and the leuco- 
cytes are to be regarded as distinct varieties of cells, the former being 

C derived from lymphoid tissues and the latter^fi^m bone-marrow. 

Ehrlich has classified the granules occurring within the leucocytes 

* into the following four groups, according to their affinity for * *^acid, * ' 

V * * basic, " or * * neutral* * stains : 

C I. a-granules^ which are coarse and highly refracting, appearing 

^ > ip fresh blood as minute fat particles. These granules possess a 
.^'''^ strong affinity for eosin and acid stains ; hence they are known as 

' ^ ^qsinophile and oxyphile, ^"^ ^ f* r ■ ' / < 

2. y-granuleSy which are coarse, intensely basophilic, and occur in 
the mononuclear * * mast' ' cells. ' . . 

3. ^'granules, which are fine, basophilic, and are seen in the poly- 
morphonuclear leucocytes. 

4. t'granuleSy which exhibit an affinity for neutral staining mix- 
tures and are neutrophilic. These constitute the most abundant and 
important variety of granules in the polymorphonuclear cells. 

c.«- «--.* <rL f f ^ ^. ^ t . ' ' , . ^ X ' A < ^ • • ^ ' 

. THE COLORED CELLS OF THE BLOOD. 

The adult mammalian red blood- cell represents a condition of 
'S ^retrogression, since in its development it has suffered the loss of its 
nucleus and a profound metamorphosis of its protoplasm, changes 
of such importance that some authorities dispute the propriety of 
regardingjhe mammaliaji.4;edJilood:Corpuscles as true cells? The 
pres&ftce or absence^^of the nucleus withlTT^EiT'colored corpuscle, 
together with its general form, furnishes a basis for a division of all 
vertebrate bloods into — 

A. Those having nucleated, oval i-ed corpuscles : including 
fishes (except cyclostomatay which have rounds discoidal cells, as the 
lamprey), amphibians, reptiles, and birds. 

B. Those having non-nucleated, round, discoidal red cor« 
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puscles : including man^and other mammals, except the camel 

family, which have^oA non-ntirleaied red blood-cells. 
Since an oval corpusc le onpeilTg subjected to certain reagents 

may present a cu'cular outline, the presence or absence of a nucleus 
offers the most reliable rtieans of .differential diagnosis between 
mammalian and other bloods. r?^u<>«-«^^«**^»^ (M^^ u^ c u v . 

The human colored blood-cell, or erythrocyte, is a small disk, 
about 8 jtt in diameter, and exhioiting individually a faint greenish- 
yellow tinge. The well-known color of the 
blood appears only when great numbers of ^'°' '2°- 

these coq)uscles are massed ; the term ** red** (Si/Ss/jS^T irv--*-^ 

conventionally applied to these elements is, vVf J»Y«?; i-*'^ 
strictly regarded, incorrect and less appro- 
priate than ** colored.'* The two surfaces of 
the blood-disk are not perfectly flat, the centre 

of the corpuscle being slightly biconcave, X^ri^*'^*"*-^'^*-^^ 

while its edges are rounded, biconvex, and Human biood^iis:w. coior- 

somewhat thickened : in consequence of this **** corpuscle, surrounded by 

-^^1. w 1 . •11/- tt 1 /- f **<! c*^^* .' ibose at r exhibit a 

peculiar '* biscuit form, all planes of the partiaUy-formed rouleau. 

corpuscle are not seen accurately focused at 

one time, the centre usually appearing either darker or lighter than 
the marginal parts of the cell, depending upon the focal adjustment. 
Thejtructure of the colored blood-corpuscles is still a subject of 
Hussion. According to the generally accepted view, the cor- , ;^. ^(^^ 
puscles consist of two parts : (a) the transparent, colorless, apparently • ,, / 
homogeneous, and glastic stroma, e xtensible and pliable to a high /,^^ 
^^ee, and (^) the coISing matter7or haemoglobin, which is held 

vithin, and tTnjfo[MTilj7^dist*'^^nt£cL*^^*''^"g^'^"^j ^^^ former. This 
conception of the corpuscle assumes the presence of a uniform 
though hi ghly flexi ble stroma-mass of definite form, colored ^y~£he 
Sjmbibition oi the s olubl e haemoglobin. On the other hand, the (, 
behavior of these elements when treated with water, upon the ^ 
addition of which the corpuscles swell, lose the discoidal form, and 
'^me globular, as well as the suggestive appearances following the , 
staming with aniline of such bleached corpuscles, the outlines of the 
^^lls then showing as 'distinct^rosy rings, offers strong arguments, in 
the opinion of not a few, for the belief' that the rea corpuscles are ( 
^l^ute ^cs, consisting of a limiting membrane and the colored fluid 
'Contents. * 

The nuclei of the red cells, when present, lie embedded within 
the colored stroma ; in perfectly fresh or circulating corpuscles they 
^^ made out with great difficulty, since they possess a refractive 
^«dex almost identical with that of the other parts of the cell. After 
^^ents, or after the expiration of some minutes, the nuclei become 
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very evident, and correspond in appearance and structure with those 
of other cells, a nucleus often being visible. 

, In fresh blood the red corpuscles within a few minutes arrange 

themselves in rows or piles by th6 apposition of their broader sur- 

; I faces, thus forming figures which, from their resemblance to rolls 

^ - - .^ of coin, are termed rouleaux. The cause of this phenomenon is 

I ^ %'^ still uncertain, although it is not improbable that it is to be attributed 

^ % to the presence, in the fresh corpuscles, of a film of a nature repelling 

the liquor sanguinis and favoring the adhesion of the disks ; the 

rouleaux are only temporary, the corpuscles later spontaneously 

separating and remaining apart. It is of interest to note that only 

Oe^j^ f t4iscoidal corpuscles of mammalian bloods (including, however, the 

, discoidal cells of the lamprey) run together to form these figures, 

/^"^ ' the projecting nuclei and the slight biconvexity of the oval nucleated 

cells affording surfaces evidently unfavorable for adhesion. 

•The average diameter of the red corpuscles in the various races 
of mankind is identical, being between 7 and 8 ai, or about i -3200th 
of an inch. 

The size of the animal bears no relation to that of its red blood- 
cells, as shown by the following measurements of some mammalian 
bloods, based on the observations of Gulliver : 

Millimetre. Millimetre. Millimetre. 

Elephant . . . .0092 Guinea-pig . . .0071 Pig 0060 

Sloth 0086 Dog 0071 Horse 0059 

Whale 0080 Rabbit 0070 Cat 0058 

Man 0079 Bear 0070 Sheep 0048 

Beaver 0076 Mouse 0067 Goat 0040 

Monkey . . . .0074 Ox 0048 Muskdeer . . .0024 

The largest corpuscles are those of the amphibians, the red cells of 
the frog measuring .0016 mm. in breadth by .022 mm. in length, those 
of the triton, .019 by .029, and those of the proteus, .035 by .058. 
The maximum size is reached in the huge red cells of the amphiuma, 
which are no less than .046 mm. wide by .075 mm. long, and are 
readily distinguishable by the unaided eye. 

The number of colored cells normally present in one cubic 
millimetre of h|jman blood, as determined by the haemacytometer, 
is about five millions ; these figures are modified by sex, the male 
subject usually having more corpuscles than the female. 

The number of red corpuscles varies in different animals : the 
carnivora possess a greater number of cells in a given quantity of 
blood than do the herbivora ; in birds the proportion is still larger ; 
while in the sluggish amphibians the number of the huge red cells 
is reduced to thousands. 

Effect of Reagents applied to Human Blood. No elements 
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Red blood-cells of man and of am- 
phiuma, magnified to the same extent 
to show the size of the human cor- 
puscles in comparison with that of the 
largest known blood-cell. 



are more gejisitive to changes in environment or to the effects of 
reagents than are the cells of the blood. An appreciation of the 
alterations referable to external causes is important as guarding 
against unwarranted conclusions as to the existence of pathological 
conditions, since not infrequently ap- 
pearances which lead the tyro to infer. S 
disease may be ascribed to influences 
acting on the corpuscles outside the 
body. 

If fresh blood be exposed to a current ^ 
of air, subjected to undu e pressure or to ^ 
other disturbing influences, alterations of 
the corpuscles at once take place. One 
of the most common distortions affects 
the exterior of the red corpuscles, and 
results in the formation of a number 
of minute projections, or spines, pro- 
ducing a condition known as crenation. 

Saline Solutions. The application of a weak saline solution or 
of urine is attended with similar effect ; if the strength of the reagent 
be gradually increased, a corresponding progressive degree in the 
distortion is observed, until, finally, upon the 
addition of a concentrated brine, a shrivelled, 
shapeless mass replaces the former discoidal 
red corpuscle. The reaction is less marked 
upon the colorless cells, weak salines pro- 
ducing no perceptible change, while a slight 
shrinkage is noticeable after the stronger 
solutions. 

Water. Upon the application of water 
the colored cells swell up, lose the discoidal 
form, and become spherical, and at the same 
time part with their coloring matter, the 
haemoglobin; the latter, being dissolved, 
leaves the bleached and colorless stroma to 
form the ** ghost." That the red corpuscles 
are not destroyed by the water, as sometimes 
stated, may be demonstrated by the addition 
of a suitable aniline dye, when the presence 
of the bleached corpuscles is made evident by 
the colored rings which mark their outlines. 

The action of water upon the living colox - 
less_ blood-cells is somewhat different. 
These corpuscles cease their amoeboid movements, retract their 
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Reactions of human blood- 
cells with various reagents: 
A, effect of treatment with 
water upon the white (w) and 
the colored cell (r); B, red 
cells after the addition of saline 
solutions, crenation following 
the application of weak solu- 
tions, great shrinking and dis- 
tortion (s) succeeding the 
action of the concentrated 
reagent; C, action of dilute 
acetic acid on the colorless 
cell (w) and on the red cor- 
puscle (r) ; D, red blood-cell 
after the addition of one-per- 
cent, solution of tannic acid. 
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processes, become round, and swell up into larger spheres ; mean- 
while, the protoplasm resolves itself into a number of sharply-cut. 
granules, which, owing to their suspension within a fluid of less 
density than the blood-plasma, exhibit the active dancing or oscil- 
latory movements which constitute the •* Brownian motion," a 
phenomenon entirely physical in nature. The nuclei of the colorless 
cells after treatment with water appear as clear or slightly granular 
areas among the vibrating particles. After a time the distention 
of the corpuscle becomes too great, and rupture takes place, followed 
V y by the escape of the particles of disintegrated protoplasm. 

Acids. Upon the addition of^<^]jLjac#tic acid the red cells 
become rapidly de colori zgdr^t the same time losing the discoidal 
form and approaching the spherical. The protoplasm of the color- 
less corpuscles clears up entirely, the nuclei coming very con- 
spicuously into view. Upon subsequent treatment of acid prepara- 
tions with aniline, the nuclei of the white cells appear deeply stained, 
'while the red cells are outlined by iaintly-coloreci rings. 

Tannic acid, when applied to the red corpuscles in weak (one- 
half to one per cent.) solutions, produces a peculiar effect : the 
"ff. coloring matter of the corpuscle is coagulated as it escapes from the 
and becomes conspicuous as a minute accumulation adhering to 
ona edge of the c orpuscl e. Where strgog^jialutions of tannic acid 
are employed, tjie^aenioglobin is coagulated within the corpuscle 
before iTKas'TSd an^OTporttmkjr^to'^Scape, producing appearances 
which have been mistalcen for nuclei and other details of cell-structure. 

The Blood- Platelets. If human blood be drawn directly into 

r yCi^ a drop ofosmic.jtcid solution (one per cent. ) or of a three-fourths 

^t\. ^'U^^ per c^nt. solution of sodium chloride. 
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covered at once, and examined with a high 
power, numbers of small, colorless, circular 
disks will be seen on careful observation ; 
, th^se are the blood-platelets oCBizzozero, 
sometimes called^ the third corpuscular ele- 
ments of the blood. They are very unstable, 
prone to disintegration, and are variable in 
size, possessing an average diameter of about 
qne-third of that of the red cells ; they 
occur singly, but show a marked disposition 
to run together in groups preparatory to 
breaking up into the minute particles long 
known as the granules of Max Schultze. 
Unless great precaution is taken to insure the immediate action of 
the preserving fluids, the blood-platelets will not be seen in their 
normal form. 



Af human red blood-cells and 
blood-platelets (/); ^, minute 
fatty (?) particles, which occur 
isolated or in masses ; B, fibrin 
filaments, among which lie par- 
tially disintegrated blood-plate- 
lets. 
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These bodies may be recognized in the circulating blood, as ob- 
served by Osier and others, and are constant, although numerically 
variable, elements of mammalian bloods. The peculiar elongated 
elliptical ** blood-spindles" found in the blood of other vertebrates 
are probably to be regarded as the homologues of the blood-plaques 
of mammals. While the presence of the blood-platelets as distinct, 
constant, and normal constituents of the human blood is now gener- 
ally recognized, authorities are for from accord as to their significance. 
The evidence at present seems to point to a close relation between 
these bodies and the red cells, the blood-platelets being regarded 
by many as only fragments of the former. 

Fibrin filaments are to be observed in a drop of blood mounted 
in the usual manner for microscopical examination and allowed to 
stand for some time in a moist chamber ; they appear as very delicate 
straight interlacing threads which occupy the interspaces between 
the corpuscles and frequently radiate from a common centre, con- 
taining a group of partially broken-down blood-platelets. 

Additional minute particles are to be seen in human blood, >'^<»^^**:r,*< 
regarding the nature, source, and significance of which much has 
been surmised and but little definitely established. These include / o 
the small colored disks, the microcyte s or the haematoblasts of/»^i^ o^/-*^*. 
Hayem, according to whose authority they constitute an important"*- 
"^-^urce of the red corpuscles; by others they are regarded as sep'^\/ '-^'^^^' 
crated portions of the ordinary red cells. Other minute, colorless, ^ '^ * [ 
often highly refracting, granules are encountered floating in the ^ 
^<\vLor sanguinis ; such are the elementary particles of Zimmer- 
l^^iann and the granules of Max Schultze. These particles differ 
in nature as well as in source ; some probably are derived from the 
<usintegration of the white corpuscles and of 
*e blood-platelets, others from that of the Fig. 134. 






endothelial plates of the vascular channels, 

^urse of pathological processes. \ ^ 



^hile many represent fetty granules absorbed ^^^ m\ ^' 
curing digestion or taken up, possibly, in the /A^* ^I^ 



Blood-Crystals. The coloring matter of the "*"*^° "^^"^"t ^T ^""^ 

Li 1 , '^ human blood. 

woo(i-.the haemoglobin— readily crystallizes ' ' 

^ man and most mammals as elongated, rhombic prisms ; the haemo- 
globin crystals of the squirrel and of the guinea-pig, however, are 
respectively hexagonal plates and rhombic tetrahedra. These blood- 
^tals, of a deeper or lighter red color according to their size, often 
fonn in preparations of blood which have been sealed and allowed to 
stand after the addition of a few drops of water ; the blood of the 
^ is especially favorable for their production. If dried blood be 
treated and thoroughly mixed with glacial acetic acid (the addition 
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of a few granules of common salt being advantageous in the case 
of old clots), on slightly heating until bubbles appear, numbers of 
dark-brown irregular rhombic prisms form. These are the hasmin 
crystals of Teichmann, which are positive indications of the 
presence of blood, but have no value in the determination of its 
•source. They vary greatly in size and considerably in form, the ^ 
peculiar unequally-notched ends presented by the larger crystals - 
being quite characteristic. . '^ 

DEVELOPMENT OF THE BLOOD-CORPUSCLES. 

V 

The origin of the colorless blood-cells must be referred to 
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the jymphoidtissues, since these elements are identical with those : ^ 
occurrmg withm the lymph with which they are poured into the 
blood-current. The colorless corpuscles appear later than the red 
cells, the first ones probably entering the circulation as migratory 

_jIie§odermic elements. The lymphatic tissue and the bone-marrow 

constitute the principal sources of the colorless blood-corpuscles, 

which are produced by the division of the numberless masses of 

active protoplasm contained within the various^aggfegations of 

Tymphoid^ntt marrow tissue throughout the body. 

The multiplication of existing colorless celU which takes place 
normally, but which is especially active under the stimulus of patho- 
logical conditions, accounts for the origin of a certain number of 
white corpuscles ; the division of the cellular elements of connective 
tissue is regarded by some as an additional source of these blood- 
cells. The efferent lymph-streams passing from the lymphatic tissue, 
as well as the blood contained in the splenic vein, are richer in color- 
less cells than are the corresponding afferent currents, showing that 
the augmentation is due to the new elements contributed by the 
lymphoid tissues through which the currents pass. 
J The origin of the colored blood-cells is usually considered as 

< taking place during two epochs — before and after birth. It must be 
"remembered, however, that such division is conventional and largely 

. ^bitrary, since the period at which the primary embryonic processes 
^ of such formation cease and are replaced by those maintained 

' throughout life is uncertain and variable ; in man and mammals 
born in a condition of advanced development the production of 
blood-corpuscles within the marrow is instituted before the termina- 
tion of intra-uterine life, . ' - ^ 

Before Birth. The first blood-cells originate outside the body 
of the embryo, within the angioblastic cells of the mesodermic 
tract of the vascular area. Certain cells of this layer increase in 
size and undergo proliferation of their nuclei, forming multinucleated 
areas known as the blood- islands of Pander. These subsequently 
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unite into an irregular net-work, the r\odsLpaints^of which are dis- ^ 
tinguished by an active production of n^ nuclei. Some of these *^^^^i^ 
acquire protoplasm and later become th6 endotEelium of the blood- •* . ^ ' '•'- 
vessel, while others, more centrally situated, are converted into the ^-, V' . 
primary blood-coipuscles, the intervening tissue undergoing '^" i^ '^ 
liquefaction to constitute the blood-plasma. These earliest blood- ^-^^'^ ***•>, 
cells, although destined to become the red corpuscles, are at first ' .■ *' *, ^ 
colorless masses of active protoplasm, provided with nuclei and -a./ ~t^^ '^ 
exhibiting amoeboid movements. After a time the protoplasm ^ ^^^^ ^ • 
gradually acquires the characteristic tinge and assumes a discoidal ^^ ^ / ^ 
form, the elements then constituting the nucleated red blood-disks '^' .^ 

of the embryo. The earliest red cells unquestionably increase 
by the division of the primary corpuscles, the reproduction being 
attended by the changes of karyokinesis. This multiplication of v. ,, y. 
the early red corpuscles probably ceases in man long before the end 
of gestation, the primary colored corpuscles meanwhile becoming 
smaller and losing their nuclei, so that at birth all the nucleated red 
cells have disappeared. The exact details of the metamorphosis 
from the embryonal to the adult form are still uncertain. There is ^ ^ 
no trustworthy evidence to establish the descent of the red corpuscles ^ 
from the colorless cells, the two being distinct elements having inde- ^^'^^ -'^•. v 
pendent origins. Multiplication of the embryonal blood-cells occurs 
within the recesses occupied by the sluggish blood-streams of the 
liver. The spleen must probably be reckoned among the situations ^^ 
in which the red blood-cells are formed. 

After Birth. Of the many suggested sources for the post-natal 
production of the red blood-cells, of which great numbers must be 
formed constantly to replace those continually undergoing destruction, 
the red marrow of bones is undoubtedly the most important. 

Among the more common elements of the red marrow, xfiUs-usu- 
ally are to be observed which strongly resemble the embryonal red 
blood-corpuscles, being distinguished from the ordinary marrow- 
cells by their hsemoglobin-colored protoplasm, smaller size, and 
unstable nuclei. These cells, often called the erythroblasts, are 
undoubtedly transitional forms of red blood-corpuscles, the nuclei 
disappearing and the protoplasm assuming the usual appearance of 
such elements. 

As to the source of the erythroblasts, however, whether they are 
transformed colorless marrow-cells or distinct elements, the descend- 
ants of the red corpuscles of the embryo, much uncertainty still 
exists. There are strong reasons for regarding the latter supposition 
the true indication of their nature and origin, the production of the 
red corpuscles both before and after birth being thus closely related. 

Direct transformation of the colorless cells, production within the 
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Spleen, and growth from the blood-platelets, or haematoblasts of 
*• Hayem, have been advanced from time to time as additional sources 
^ of origin of the red blood-corpuscles. Without entering upon a 
.^ detailed critical consideration of the evidence supporting these views, 
4 it may be stated that, excepting the spleen, they lack the conclusive 
proof of unimpeachable direct observation. Concerning the rela- 
tions of the * * haematoblasts' ' much confusion exists in consequence 
of the application of the term to different objects by various writers. 
The formative processes within the red bone-marrow may be re- 
garded, in the light of our present knowledge, as the most important 
source of the new red blood-corpuscles produced throughout life. 
After severe hemorrhage, it is probable that the spleen may assume 
the rSle of a blood-forming organ. 



Mention may be made in this place of the problematic organs the 
so-called arterial glands, which include the coccygeal and carotid 
glands. 

The first of these, the glandula cdccygea, or Luschka's gland, 
occurs near the tip, in front of the apex, of the coccyx, associated 
with the middle sacral artery, which contributes the blood-vessels 
largely forming its pea-sized mass. The carotid gland lies at the 
bifurcation of the common carotid artery, frequently between the 
resulting branches, and appears as a somewhat flattened ovoid 
nodule. 

These peculiar bodies are similar in structure, both consisting 
of dense capillary net-works enclosing irregular groups of gran- 
ular polyhedral cells, whose presence suggested the once supposed 
glandular nature of the organs. The entire plexiform mass is invested 
by connective tissue, fibrous septa penetrating between the vas- 
cular territories, at the periphery of which course the veins. Nu- 
merous non-medullated nerve-fibres are also present. 

The true nature and function of these rudimentary organs are en- 
tirely unknown, and probably will remain so until the embryology of 
these bodies is better understood. Their apparent close relation to 
the sympathetic has led many to regard these organs as affiliated 
with this nervous system ; hence they are sometimes designated as 
** sympathetic ganglia. ' ' 
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The lymphatic system consists of two parts — the l ymph-cha nnels 
and their contents the lymp h, and the lymphatic tissue. The 
former may be represented by irregular interfascicular clefts between 
the bundles of fibrous tissue or by vessels with well-defined walls, 
while the latter may exist as diffuse adenoid tissue, the simple lym- 
phatic nodule, or the complicated compound lymph-gland. 

THE LYMPH-CHANNELS. 

The lymphatic spaces, the radicles of the more distinct vessels, 
^c almost universally present, since they exist in almost every 
locality where connective tissue abounds, forming intercommuni- 
cating systems of greater or 

less perfection throughout the F*ig. 135. 

^^^ious organs. The relation 
^tween the connective jjgg"** 
f^d the l ymph-radic les is very 
-ISJunate, and it may be assumed 
^^t all interfascicular clefts 
^^c directly or indirectly can- 
celed with the lymphatics. I n 
^^>ose areolar tissues, as the sub- 
^taneous, the lymph-spaces 
^^ i ll-define d clefts, irregular 
*^ form and size, which are 
funded by the neighboring 




Lymph-spaces between bundles of fibrous tissue 
seen in profile, from the human cornea : b^ b, bundles 
of fibrous tissue ; « , lymph-spaces containing flattened 
connective-tissue cells. 



bundles of fibrous tissue and lined by an imperfect layer of endo- 
^dioid connective-tissue cells. In the denser forms of fibrous 
^^ue, as the central tendon of the diaphragm, cornea, etc., the 
lymph-spaces are more limited and form well-defined intercommuni- 
cating systems of canals, or "juice-channels ;'* of such the corneal 
^P^ces and the bone-lacunae are familiar examples. 

These jpaces are filled incompletely by the connecjive-tissue cor- 
puscles, which usually are applied to one walLof the cavity to form 
* ?^ial linjng. The number of cells occupying a single space 
y^es: sometimes several lie side by side (kitten's cornea) united by 
lines of cement-substance ; in such cases, after silvering, the cells 
present the appearance of endothelial plates. The large serous 
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cavities as the peritoneal or pleural sacs, are, in pr 
greatly dilated lymph spaces lined by ^^^ 

modified connective tissue cells the en- 
dothelial plateis which by mutual press- 
ure become polygonal in outline ; in- 





stead of a few c ells sufficing for the formation of a lining 
as in the case of 

ments are require 
the large serous ca 
The lymphatic s 
the connective tis 
form definite char 
margins of the fib 
the lymph being ca 
lymphatic vcsse 
oi^ans to the adja 
of adenoid tissue 
phatic glands. 1 
vessels immediate 
ing the spaces may 
as the lympha 
laries, being p 
tubes of great del 
posed of a single 
diiauiioni. dothelial plates. 

The contours c 
phatic vessels are not uniform, but present numerous dih 
constrictions, which indicate the positions of the imperft 
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these latter consist of a fold of endothelium, strengthened often by a 
minute quantity of elastic tissue. 

The relation of the lymph - spaces to the capillary blood-vessels on 
the one hand and to the l ymph ati c vesse ls on the other is very inti- 
mate ; in certain localities, as in the omentum, 
indifect^ommunication between the blood-vessels f ig, 139. 

aiia l ympha tics is established by means of the 
spaces of the groundwork of the dense connec- 
tive tissue (Klein). Many nerve-trunks are en- 
closed by perineurial lymphatic channels, into 
which the lymph-spaces of the surrounding tissue 
open. The blood-vessels of the central nervous 
system, especially of the retina, likewise are 
surrounded by distinct perivascular lymph- 
sheaths, formed by the enlargement and con- 
fluence of the clefts within the adventitia of the 
vessels. In some membranous structures, notably 
the amphibian mesentery, the vessels lie encased Penvucuiu lympbuic 
within distinct endothelial tubes. '*' ™'^''^''t "h'°^",^ 

Lymphatic vessels of laEge_size have walls ni™m<^ of fmg: c. 
) of coflsideralde thickness, resembling those of bj">ching iyn.ph.iic q.p- 
the_veins. In such vessels three coats are recog- 
nizable — the inner, or endothelial, the middle, or muscular, and 
the outer, or connective tissue. The ^r 

thoracic duct possesses a well -developed / 
intima, composed of a considerable layer ' 
of subendothelial connective tissue con- -_■ 
taining a net -work of longitudinally dis-, 
posed elastic fibres. The muscular tissue 
of the media is supplemented by bundles 
of involuntary muscle extending length- 
wise within the outer coat, which in the 
vessel under consideration is particularly , 
robust. 

The lymph contained within the lym- 
phatic vessels, like the blood, consists of 
two parts — the clear, straw-colored Tn 
plasma, or liquor lymphse, and the ^"'J^ 
cellular elements, the lymph-cor- x. md 
puscles. The cells of the lymph are 
small nucleated masses of active proto- 
plasm, when at rest presenting a spherical 
form and measuring about .01 mm. in 
diameter ; in their usual condition of activity, however, their outlines 
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are continually undei^oing the changes effected by amcebo 
ment. These elements, in short, possess all the peculiariti 
colorless blood- corpuscles with which, in fact, they are iden 

In addition to the lymph -corpuscles, numerous fatty | 
are usually present within the plasma; in the lymphatic_V 
the intestinal tract the absorption of fatty matters is made cor 
by the presence of the chyle, an emulsion occupying the 
. tactc ala. or chyle-vessels ; these latter are not distinct ti 
only those portions of the lymphatic net-work which co. 
mil ley -looking chyle during certain stages of digestion. 

The sources of the lymph- corpuscles are those aire 
sidered in connection with the colorless cells of the blood, 
phoid or adenoid tissues of the body being unquestionably 
important and prolific seats for the production of these t 
The presence of a few cells within the lymph -radicles, betw 
commencement and the first masses of adenoid tissue occi 
their course, is due to the entrance within the vessels of n 
cells from the surrounding connective tissue ; only after thi 
stream has passed through considerable masses of lymphc 
do the corpuscles appear with profusion. 

THE LYMPHATIC TISSUES. 

Lymphatic, lymphoid, or adenoid tissue usually ( 
circumscribed masses known a s lymphatic nodu les or " 

in certain localities, however, as in pa 
Fee. 141. mucousmembranesof the larynx, the 

the stomach, the intestines, etc., i 
masses of diffuse lymphatic tisst 
The term "(^lan^," as applied to o 
lymph-nodules, is an inaccuracy sand 
long usage. 

Lymphatic tissue, wherever foum 
posed structurally of two elements— 
cate connective-tissue reticulum 
surface of the fibres of which plate-1 
stellate, connective tissue corpuscles ar 
and the small round cells contain 
Eifmcnisoridtnoid i>»ue the reticulum. These elements — thelj 
i^r oi"iymphaik'gUn<ro( ^r adeooid cells — become the ly 
hiid:fl,fibrMorr«iciiiiiin- pusclcs and the colorless blood-cells 
andtd connmiie - lissuf escape from the denser reticulum 
'"' lymph-current and their subsequent 

into the blood. 
The variations in the compactness with which the cells ai 
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within the net-work constitute the d enser or lo oser form s of 
adenoid tissue found in the lymphati c nodu les ; ordinarily the cells 
are so closely placed that the reticulum is greatly masked, satisfactory 
views of the latter being obtained only in sections of great thinness 
or after the cells have been removed by brushing or by violent 
agitation. 

The reticulum of lymphoid tissue consists of intertwining 
and anastomosing bundles of connective tissue ; along the fibrous 
trabeculse, especially 
at the nodal points, 
flaltened pla ke o 
stellate conn 
sue .cells ar app ed 
after the mann n 

imperfect endo h 
investment. In part 
many adeno d ru 
ures the de ca 
ticulum seen b 

fonned by th u no 
the protoplasm p 
cessesoftheban h g ^^ ^ r~ o^ s«pi ym ic iron. 

connective-t sue els mu ihinon ogm 

ihemselves ;ha bM^cU^fi " *" 

l^gement, h W be mini undlng d«u uu 

is usually only seera- 

H' the cells really being applied to the surface of the fibres and not 
constituting an integral part of the reticulum. , It is probable that in 
■"e splenic pulp and in a few other localities the p rocesses of the 
SsM* cells do unite to form protoplasmic net-works. 

I^ifflise aSenoid tissue represents the least specialized form of 
'•'* lymphoid structures ; the mucosae of the digestive and of the 
^piratory tracts afford good illustrations of the presence of such 
tissue. 

Simple lymphatic nodules, or solitary follicles, stand next in 
■■'nerentiation ; these are found in almost all mucous membranes 
(triose of the bladder and of the sexual organs excepted), while they 
"^r in great numbers in the respiratory and digestive tracts, the 
sobtary glands of the latter being important examples of these 
stnictures. The simple nodules consist of oval masses of adenoid 
fssue, limited by a delicate connective-tiss ue wall or capsule, com- 
posed of fibrous lamella;. The central parts of such nodules, as well 
^ ^ w the cortical f ollicles of the larger glands, are usually occupied 
"Y germ-centres, areas composed of lymphoid tissue of looser 
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texture containing large cells exhibiting mitotic figures. The affe- 
rent lymph -vessels conveying the lymph to the simple follicles 
break up at the periphery of the nodule into branches, which dis- 
tribute the lymph to the adenoid tissue ; corresponding efferent 
vessels carry off the fluid returned fi-om the lymphoid tissue and 
unite to form larger lymphatic trunks. 

Compound lymphatic follicles, the lymphatic glands of gross 
anatomy, iire tbniied b^ the aggregation :ind p;irti;d lu-ion of a 




dullar) 



lymph-., 



number of simple nodules These structures enjoy a wide distn 
bution and are represented by the numerous chains of deep and 
superficial lymph glands of which the 
axillary and inguinal glands are lamiliar 
instances 

The periphery of these lymph glands 

IS occupied by a firm capsule composed 

of fibrous connective tissue mter 

mingled with which in the largest 

glands bundles of involuntary 

muscle are sometimes present At 

the position of entrance and exit of 

the larger blood \ essels and the efferent 

lymphatic trunks, usually opposite the 

mrii^i foiiTtiii"' '*'"''"■""" "' "" most convex surface of the organ, the 

capsule dips deeply into the interior of 

the gland and forms the hUum. The space included within the 

capsule is subdivided into a peripheral zone, the cortex, and a 

centrally situated part, the medulla, which at the hilum reaches 
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the exterior. The details of arrangement distinguishing these portions 
of the gland depend primarily upon the distribution of the trabeculae 
which continue the tissue of the capsule into all parts of the oi^an. 
The trabccula:, composed of stout bundles of fibrous tissue, ex- 
tend from the inner surface of the capsule towards the hilum and 
divide the cortex into a number of imperfect spherical compartments 
which enclose masses of adenoid tissue, the cortical follicles, which 
corr^pond to simple lymph -follicles. The continuations of the tra- 
becule towards the centre of the gland unite at much more frequent 
intervals and form throughout the medulla a series of incomplete par- 
titions which separate imperfect compartments occupied by elongated 
masses of adenoid tissue, the med- 
ullary cords. These latter and •''•'■ **7- 
the cortical follicles constitute one ..-^Li^Ji.- ^ '^^ 
continuous mass of dense lymphoid 
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tissue, which follows the contours of the spaces occupied, but does not 
completely fill the compartments formed by the fibrous trabeculse. 

The spaces included between the fibrous trabecule and the masses 
of dense adenoid tissue are occupied by a very loose reticulum and 
sparingly distributed lymphoid cells ; these channels are the lymph- 
sinuses, into which the lymph brought by the peripherally- situ- 
ated afferent vessels is poured and through which it finds its sluggish 
course, thus securing the opportunity of taking up numerous new 
cells in its journey through the organ. The lymph-sinuses form a 
freely intercommunicating system of canals throughout the gland, 
beginning at the periphery, where they receive the afferent lymph- 
vessels, and ending in the hilum, where the lymph Is collected and 
carried off by the efferent trunks. 
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The trabeculse all along their course give off numerous ramifi- 
cations which break up into the delicate reticulum constituting the 
supporting framovork in whose meshes the lymphoid cells are 
held. 

The blood-vessels supplying the lymphatic glands are arranged 
as two groups : the one set gains entrance at the periphery and is 
distributed principally to the capsule and larger trabeculae ; the other 
group enters at the hilum, the majority of the arterial branches pass- 
ing directly into the lymphoid tissue. The nerves include both 
the medullated and the pale fibres. 

In certain localities, especially in the prevertebral retroperitoneal 
and cervical regions, in the vicinity of the abdominal aorta, vena 
cava, adrenal and renal vessels, along the brim of the pelvis and in 
the root of the mesentery, are found minute organs known as hem- 
olymph glands (Warthin). They lie embedded within the fat 
and connective tissue and are usually the size of a mustard-seed or 
pea ; exceptionally they are larger. The hemolymph glands are 
lymph-nodules modified by the presence of blood-spaces and the 
slight development or absence of the lymph-sinuses. The blood- 
spaces often include a peripheral blood-sinus with irregular cen- 
tral extensions, the lymphoid tissue being correspondingly reduced 
to trabeculae surrounded by the vascular channels. All degrees 
of development of the blood-spaces exist, from the type of the 
ordinary lymph-nodule on the one hand to that of the spleen on 
the other. Warthin subdivides the hemolymph glands into two 
groups, the splenolymph and the marrowlymph glands^ which 
he regards as transitional forms standing between the lymphatic 
nodule on the one side and the spleen and the lymphoid marrow 
respectively on the other. 

THE SPLEEN. 

The spleen may be regarded as a specialized compound lymphatic 
gland, modified by the arrangement of its blood-supply. The organ 
is invested by a firm capsule, composed of a dense felt- work of 
bundles of fibrous tissue, with which are mixed numerous elastic 
fibres. The outer surface of the capsule, with the exception of a 
limited area, is covered by the serous coat of the peritoneum, the 
union between the two being very intimate. 

On the inner surface the capsule is continuous with numerous 
prolongations, the trabeculae. These penetrate deeply into the 
interior from all sides, and by the free union of their processes form 
^ spongy connective-tissue framovork throughout the organ, 
enclosing an elaborate system of intercommunicating spaces occupied 
by the lymphoid tissue. 
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In certain animals (dog, cat, hog) the capsule contains bundles of 
involuntary muscle ; these are only exceptionally present in man. 



c pulp; Cr r, Miilpighiu 



Likewise, bundles of muscular tissue are constituents of the trabecuke 
'" many mammals, including man to a limited degree ; the muscle- 
*^elU are distin- 
euishable from 
"^p surrounding 
*^onnective tissue 
W their rod- 
shaped nuclei. 
The stoutest tra- 
Wuls are found 




loose adenoid tissue which, together with the 
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intimately related vascular channels, forms the splenic pulp, and as 
the cylindrical or spherical masses of dense adenoid tissue ensheath- 
ing the arteries, constituting the Malpighian corpuscles. 
^The central trabecuUe support the branches of the splenic artery; 
■bn entering at the hilum, these twigs receive a strong fibrous invest- 
ment, or adventitious 
sheath, which accom- 
panies the vessel and 
becomes gradually 
reduced as the arte- 
ries diminish in size ; 
finally, this sheath 
blends with the con- 
nective-tissue frame- 
work of the paren- 
chyma. Most of the 
terminal branches 
of the splenic ar- 
tery are deflected 
from the trabec- 
ulte and enter the 
surrounding tissue, 
where they become 
le of uk (pimjc pulp. ensheathed at irregu- 

lar intervals by cy- 
lindrical or spherical masses of dense adenoid tissue and constitute 
the Malpighian corpuscles. The artery usually pierces the mass 
somewhat eccentrically, sometimes, however, passing near the centre. 
Numerous small twigs are distributed to the tissue composing the 
corpuscles ; after forming a net-work they eventually open into the 
venous channels of the pulp ; the main artery of the Malpighian 
corpuscle has a similar destination. 

The form of these ensheathing masses of adenoid tissue varies in 
different animals ; in some (guinea-pigs) the arteries are accompanied 
throughout their entire course by a layer of lymph-cells, while in 
others (man, cat) the investment is limited to irregularly spherical 
masses ; between these extremes numerous intermediate forms exist. 
The peripheral zone of the Malpighian corpuscle is usually denser 
than the central part, an arrangement favoring the sharp demarca- 
tion of the body from the surrounding looser parenchyma ; in man 
* ^- the corpuscles are less clearly defined than in many lower animals. 
_^ The splenic pulp, which makes up the larger part of the bulk of 
\- -T" the organ, consists of a loose net- work of anastomosing splenic 
- " -^* cords, composed of a delicate reticulum supporting the cells of the 
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lymphoid tissue. The reticular fibrillae unite with one another to 
form imperfect partitions ; in young animals multinucleated plates 
are frequently encountered. Ad- 
hering to the delicate redculum, f'O- 15>- 
partially occluding the channels 
throughout the pulp, are numerous 
characteristic lymphoid cells, which 
are the offspring of the elements 
forming the adenoid tissue. 

The spaces of the splcnicpulp 
are sometimes occupied by num- 
berless colored blood-cells, which 
escape from the thin -walled vessels 
into the channels within the pulp ; 
the dark-red appearance of the 
organ is thus explained. As a re- 
sult of the breaking down of numer- 
ous worn-out red blood-cells, — in 

^\ which process of destruction the 
^^e ucocytes may take an active part, 

'^ — pigment - granules, both free 
and within the lymph-cells, are con- 
stantly encountered. The splenic pulp, in addition to giving origin 
to n umerous l euc ocyte s, in common with other lymphoid tissues, is 
regarded by many histologists as the hi rth place , as well as the 
"g raveyard ." of a certain number of colored blood -cell s ; the pres- 
ence of young nucleated red cells supports this view. 

The blfioHii^hcessels of the spleen form an important part of the 
organ. After entering at the hilum, the splenic artery gives off tra- 
becular branches which rapidly diminish in size by repeated division. 
As already described, most of the smaller arteries leave the septa 
and become ensheathed by the Malpighian corpuscles, to which they 
contribute with capillary net-works.^ A small number of the arteries 
extend the entire length of the tr^oeculEe, and hence never become 
encased within the masses of adenoid tissue. The veins lie within 
the trabecule which tend to subdivide the organ into units, the 
splenic lobules of Mall, within the centre of which course the 
terminal arterial branches. The latter enter the cords of splenic 
cells and end in delicate and imperfectly walled channels which be- 
come continuous with the beginning of the venous radicles within 
the lobule. The blood-paths are directly surrounded by the lymph- 
tissue composing the splenic cords. It is probable that under usual 
conditions the blood is largely retained with the definite vascular 
channels ; extravasations, however, into the spaces of the splenic 
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pulp readily occur, 
nite intralobular 




The venous radicles unite to form more defi- 
eins which become tributary to the larger 
venous trunks occupying the trabeculse. 
The retarded current within the splenic 
pulp is favorable to the removal and de- 
struction of the worn-out red cells and to 
the acquisition of additional leucocytes. 
Within the pulp, while passing from the 
arteries to the veins, the blood is probably 
confined to channels provided with defi- 
nite walls, but comes into close relation with 
the lymphoid tissue. 

The lymphatics of the spleen are limited 

to the connective-tissue framework of the 

organ, in which they form a superficial 

plexus in the deeper layers of the capsule, 

and a deeper plexus within the trabeculae. 

The lymphatic clefts within the adventitia 

im ih* lobule '^^ '■^^ arteries communicate with the deeper 

e«ih«j by ti^^ lymphatics of the trabeculae; regarding the 

crTfbi'io-'i' i~- definite relations of the deeper lymphatics 

our knowledge is incomplete. 

The nerves of the spleen are composed 
mostly of non-meduUated fibres, although 
a few of the meduUated variety are present ; 
they are distributed to the walls of the blood- 
vessels ; also ganglion- eel Is have been ob- 
served as small groups situated along the nerve-trunks. 

THE THYMUS BODY. 

The thymus body is included among the lymphatic tissues on ac- 
count of the histological characteristics of the fully-developed organ ; 
in its early stages, however, the bulk of the organ is epithelial in 
nature, being derived from the endodermic cells and closely resem- 
bling many glands in its earliest growth. The rapid invasion of 
mesodermic tissues, at a later period, so changes the character of the 
organ that tissues of a lymphoid type predominate, while the original 
epithelial structures are reduced to mere rudimentary remains. 

The entire organ usually consists of two lateral lobes, more or 
less intimately united, composed of numbers of lobules, held together 
by the interlobular areolar tissue and enveloped within the general 
fibrous capsule of the organ. The irregularly ovoid lobules, 5-10 
mm. in diameter, are further divided by connective -tissue septa into 
compartments, each of which includes several smaller secondary 
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lules; these, in turn, are made up ofgroupsof the primary alveoli 
follicles. The latter closely resemble lymph- follicles in structure, 
ng limited by a 

reus envelope giv- fig 154 

J off slender tra =b#^^^.^ -tv ..=«». 

rute, which are ^ SSKl " - - "^ ^ '3^ 
3n lost in the deli " 
te reticulum of 
nnective tissue ^ 
rvading alt parts 
thefoUicles. The 
eshes of the re- i , 
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f numerous lym- ■ ' ; 

hold cells, among . '^ . ' '' 

hieh many capillary 

lood ■ vessels run . . , ' 

he adenoid tissue ■ ' 

f ihe peripheral SccHon of human .hymm body, ihuwing gfofml amuig«i.ctil of 

>ne, or cortex, of '^^^^'i.'^^CSiZi'vy'.'ASS^Zi^.Z'SS. 
'* follicles is more >ng blood v«k1» |r). 
'sejy packed with 

"s than that occupying the centre, or medulla, in consequence of 
which variation the medulla appears 
"'" '" lighter than the denser cortex. 

Scattered throughout the follicles 
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"^d or oval bodies are seen, which vary greatly in number and size 
' — '75 ''). usually stain but faintly, and present an irregularly concen- 
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trie striation, with occasional nuclei ; these bodies are the corpuscles 
of Hassall, or the concentric corpuscles. They represent the re- 
mains of the epithelial structures which, as already stated, in the early 
stages of the thymus constitute the principal tissue of the organ. 

The larger blood-vessels of the thymus run within the inter- 
lobular connective tissue, giving off branches which penetrate the 
follicles and break up into a rich capillary net-work supplying the 
adenoid tissue of cortex and medulla. 

As may be inferred from the character of the organ, the lymr 
phatics occur in large numbers. The radicles coming directly from 
the follicles are received by the interlobular vessels, which, in turn, 
communicate with the superficial net-work occupying the surface of 
the organ. 

Bundles of nerve- fibres accompany the ramifications of the 
arteries and veins, to the coats of which they seem principally to be 
distributed. 

The thymus body reaches its highest development about the 
second year, after which time it gradually diminishes, undergoing 
retrogressive changes and absorption, until, by the eighteenth to the 
twenty-first year, the characteristic tissues have disappeared or have 
been replaced by fibrous connective tissue and &t. 

THE SEROUS MEMBRANES. 

The serous membranes are intimately related to the lymphatic 
system, since the cavities which they enclose form parts of the gen- 
eral lymph-tract of the body; when considered in their widest sig- 
nificance they include the lining of all cavities clothed with endothe- 
lial cells and cut off from atmosphere. Regarded in a more limited 
and critical sense, such cavities may be separated into certain groups, 
following which the connective-tissue linings may be divided into : 

a. The serous membranes proper, as the peritoneum, the pleura, 
and the pericardium. 

b. The synovial membranes, including the synovial capsules of 
the joints, the synovial sheaths of tendon, and the synovial bursae 
placed between opposed movable surfaces to reduce friction. 

c. The endothelial lining of the vascular system, comprising that 
of the heart, of the blood-vessels, and of the lymphatics. 

d. The lining of various spaces developed within the connective 
tissues : such spaces are usually small and provided with very rudi- 
mentary linings ; they may be, however, of considerable size, as in 
the case of the perilymphatic spaces of the internal ear. 

The serous membranes proper, represented by the peritoneum, 
the pleura, the pericardium, and the tunica vaginalis, are all derived 
as constrictions from the originally single pleuro-peritoneal cavity 
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first formed. In the closed sacs constituted by the serous mem- 
branes a parietal and a visceral layer are always distinguishable ; 
the connection of these with the subjacent structures 5s slight or 
intimate according to the character and amount of the subserous 
tissue. 

Every organ which projects beyond the wall of the serous pouch 
into its cavity must be enveloped by the serous membrane to a 
greater or less degree. When the organ remains closely attached 
to the wall of the body-cavity, as does the kidney, it obtains only 
a partial serous investment; where, on the other hand, the organ 
leaves the parietes and encroaches upon the cavity, the serous invest- 
ment becomes almost complete, as in the case of the small intestines. 
In all cases the viscera lie outside the serous sac, the membrane 
which constitutes 'the lining of the space being pushed before the 
encroaching organ to form a serous covering more or less complete. 
The serous cavity of greatest extent — ^that of the peritoneum — in the 
female presents an exceptional arrangement in possessing outlets at 
the orifices of the oviducts ; in this connection, however, it must 
^ remembered that the oviduct is the persistent Miillerian duct, 
which is only one of a number of tubes formed during early foetal life 
^y evagination of the primary serous membrane, thus establishing 
^njmunication with surfaces exterior to the 
serous cavity. While such tubes in the Fig. 157. 

*^&her animals are only transient, in the 
lower types they may remain as permanent 
^^ctures. 

The serous membranes are sufficiently 
"^ui and transparent to permit the color of 
^^ underlying parts to be seen readily 
through them; moderate strength, extensi- 
"^ity, and elasticity are among their physical 
properties. These membranes consist of the 
^'idothelium covering their free surface and 
''esting upon the connective-tissue stroma, 
^hich constitutes the chief substance of the 
Membrane ; external to this layer a variable 
^ount of subserous tissue usually is pres- 
^^ The endothelium comprises a single 

^yer of the large, thin, irregularly - polyhedral connective - tissue 
plates already described and figured in Chapter II. 

In addition to the minute deeply-stained intercellular areas, or 
Pseudo-stomata, true openings, or stomata, also exist occasion- 
^ in serous membranes. These orifices are especially well seen in 
silver preparations from the posterior wall of the frog's peritoneal 

9 




Peritoneal endothelium of dog, 
silver-stained ; several pseudo- 
stomata are seen as dark areas 
among the cells. 
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cavity {Fig. 30); but they are seldom demonstrable in the tissues 
of man and of the higher animals : the central tendon of the dia- 
phragm, on which they were first discovered in the peritoneum by von 
Recklinghausen, offers a favorable place for their study. In addition 
to the stomata occurring in the peritoneum covering the diaphragm, 
simitar apertures have been described in the omentum, the pleura, 
and the pericardium. Their existence is, how- 
Fig. 158- gyg,.^ doubtful. The stomata lead into the sub- 

^ jacent lymphatic vessels and are surrounded 
*^P by cuboidal or spherical guard-cells. 
~ The stroma of the serous membranes con- 
sists of interlacing bundles of white fibrous 
tissue, mingled with elastic fibres, which are 
especially numerous in the more superficial 
pcnioncutn in Mciion from pafts, whcrc they frequently form a reticular 
coniiiEini of cadoihdium of Uycr. Thc interstices between the fibrous 
(m MiHiM »nd .ubeiidoihdi.1 bundlcs are occupied by the ground-sub- 
wori.^r'tu^'fite^""^ Mb- stance ; the latter afier a time in some cases, 
pcriuwHi vucuiir coDBcctivc as in the omentum, suffers local absorption, 
interfascicular orifices then partially taking its 
place. The serous membrane, which in its earlier condition forms a 
continuous sheet, may become riddled with apertures, and is said to 
be fenestrated. Where the ground-substance and stroma are well 
developed and of considerable thickness, particularly in the vicinity 
of folds, adipose and sometimes lymphoid tissue occur in addition to 
the blood-vessels and lymphatics. The ground -substance in places 
where dense is penetrated by an intercommunicating system of 
lymph-spaces opening into the lymphatic vessels of the serous 
membrane. Branched connective -tissue cells are also frequently 
seen with processes extending between the endothelial plates of the 
free surface ; such processes when stained with silver probably form 
the pseudo -stomata already mentioned ; other protoplasmic exten- 
sions of the cells may come into relation with the walls of the blood- 
vessels or of the larger lymphatics. 

The subserous layer, where well developed, is composed of 
loosely-arranged bundles of fibro-elastic tissue, between which blood- 
vessels and lymphatics, with migratory leucocytes, are situated. 

The blood-vessels of serous membranes contribute wide-meshed 
net-works both to the layer of proper stroma and to the subserous 
tissue ; in positions where tracts of adipose or of lymphoid tissue 
exist, the capillaries form net-works enclosing the fat-sacs or the 
lymphoid masses. 

The lymphatics of serous membranes are very nmnerous, and are 
represented by the definite lymphatic vessels and the lymph-spaces 
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vithin the ground-substance ; by means of the stomata and the minute 
[assies leading from them the lymphatics communicate with the 
serous cavities, while, on the other hand, they join with the wide, 
irregular lymph-channels within the subserous tissue. 

The nerves supplying these membranes are limited, those which 
are present being largely derived from the sympathetic system, com- 
posed of pale, non-medullated fibres destined chiefly for the blood- 
vesels. The few fibres passing into the substance of the membrane 
form a loose reticulum throughout its deeper layers, from which finer 
fibrilte extend beneath the sur&ce. 

The synovial membranes, which constitute a second group of 
serous membranes, include the lining of the clefts developed within 
the connective tissue (mesoderm) surrounding opposed movable 
sur&ces embracmg the capsules enclosing the articulating surfaces 
of the various jo nts the synov al sheaths in which the tendons glide, 
^ the bursal sacs nterposed between surfaces ; these varieties of 
synovial membranes are known respectively as the articular, the 
™ginal and the vesicular Synovial membranes differ from 
"•e serous in the character of their secretion ; that of the former — 
the synovia — is a gla ry v scid flu d, resembling the white of eg^, 
*^U adapted for the lubr cation of the opposed parts, and contains 
at particles lymphod cells and degenerated endothelial plates. 
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• he secretion moistening serous membranes is thinner, watery, and 

^^ suited to the reduction of friction. 

The articular synovial membranes surround the joints, tightly 
embracing the bones and enclosing them within their sacs, but do 

°* attend over the articulating surfaces, which are composed of 
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naked cartilage, over whose surfaces of contact not even the imper- 
fect endothelial covering is continued ; tendons or other structures 
traversing the joint-cavity receive an investment of the synovial 
membrane. The marginal zone, embracing the attachment of the 
membrane to the cartilage, is marked by the gradual alteration of 
the tissues of the synovial membrane to assume the characters first 
of fibro-cartilage, and finally of the typical articular cartilage of which 
the membrane then seems a part. 

The synovial sacs, originating as clefts within the mesoderm 
surrounding the extremities of the young bones, exhibit a structure 
corresponding to slightly condensed connective tissue. The mem- 
brane is composed chiefly of closely-felted bundles of fibrous tissue, 
mingled with elastic fibres, containing the usual connective-tissue 
elements ; the free surface of the membrane possesses an imperfect 
covering of connective-tissue cells, which, when closely placed, 
as in the younger tissue, present the characters of an endothelium ; 
when less densely arranged, they retain their processes and appear 
as branched elements, resembling those of other dense fibrous tissues ; 
in the vaginal membranes the cells are often elongated to correspond 
with the axis of the sheath. 

Cleft folds of the synovial membrane project into the serous cavity 
as the Haversian fringes ; they are free processes of the membrane 
containing vascular loops and, in the larger ones, fat; the smaller 
secondary fringes, or villi, often present as finger-like processes 
attached to the edges of the larger folds, contain no blood-vessels, 
but consist principally of small, irregularly-round cells, separated by 
a scanty intercellular substance. In some cases these villi enclose a 
denser core, which consists of fibrous bundles ; occasionally the entire 
villus is formed of fibro-cartilage, the superficial round cells being 
wanting. 

Blood-vessels are quite numerous within the synovial mem- 
branes, as well as in the subjacent tissues, nearly all parts of the 
joints being generously supplied. Many of the Haversian fringes 
contain vascular tufts, while the termination of the blood-vessels 
around the margin of the cartilages is marked by vascular loops 
possessing greatly dilated terminal arches. 

The nerves of the synovial membranes, by no means numerous, 
form a loose plexus beneath the free surfece ; in connection with the 
joints, peculiar special nerve-endings, the articular end-bulbs of 
Krause, have been found attached to the nerve-fibres; Pacinian 
corpuscles have likewise been observed in relation with the synovial 
membranes. 

The serous surfaces lining the blood-vessels and the lymphatic 
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channels and spaces have been considered in connection with their 

respective systems. 
The development of the lymphatic system in all its parts 

involves the mesoderm alone. Very early in the life-history of the 
embryo, shortly after the appearance of the three blastodermic layers, 
the mesoderm undergoes cleavage into two leaves, the separation 
affecting the mesodermic layer on either side as far as the lateral 
margin of the uncleft axial band. The resulting sheets of meso- 
deraiic tissue become the parietal layer {somatopieuric) and vis- 
ceral layer {splanchnopleuric) ; the former clings to the ectoderm 
to become the fiiture wall of the body-cavity, while the latter adheres 
to the entoderm to form the wall of the digestive tube. 

The space included between these leaves is the primitive body- 
cavity, or ccelom, and the mesodermic tissue forming its imme- 
diate wall becomes dif- 
ferentiated into a special Fig. 160, 
liniag~the mesothe- 
hmn— whose elements 
w the ancestors of the 
later endothelium. 

The fully-formed se- 
'ous membranes, 
"fpresented by the peri- 
loneum, the pleura, the 
pericardium, and the 
tunica vaginalis, are all 
ilwived as constric- 
tions from the common 
picuro - peritoneal sac, 
« body -cavity, first 
"TOied, the subdivision 
"f which into the above- 
mentioned special serous compartments occurs secondarily and at a 
much later period. 

Bearing in mind the origin of the primary lining of the serous 
"lembranes, the claims of endothelium to near kinship with con- 
"''^ve tissue must be admitted ; likewise, the reasons for regarding 
™othelium as distinct in nature from epithelium will be appreciated. 
fiasmiich as the epithelium of the genito -urinary tract is derived 
""^Ktly from the mesoderm, it is related genetically to the endo- 
"'sliuni of the abdominal serous membrane. 

'1 the course of the differentiation and growth of the fibrous con- 
J^ive tissue, clefts appear within the ground- substance between the 
""ndles of young tissue, which become the lymph-spaces of the 
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maturer stages. The formation of the lymphatic vessels takes 
place in a manner very similar to that by which the blood-channels 
are produced. The protoplasmic net-works established by the united 
processes of the connective-tissue corpuscles are at first solid ; sub- 
sequently they acquire a lumen and become converted into a series 
of protoplasmic tubes, the nuclei of whose endothelial plates are de- 
rived from the proliferated nucleus of the original elements. The 
earliest lymph-corpuscles are, probably, migrated mesoblastic 
cells which have entered the young vessels. The additional coats 
of the larger lymphatic trunks are derived from the condensation and 
differentiation of the surrounding young connective tissue. 

The development of the lymphoid Idssue occurs at a rela- 
tively late period. The position of the future lymph-gland is indi- 
cated by a cleft or fissure which appears within the mesoderm and 
completely isolates the gland-area on all sides except that destined 
to become the future hilum, where the tissue devoted to the produc- 
tion of the gland and the surrounding mesoderm are continuous. 
The development of the lymphoid tissue is marked by increased 
numbers and greater compactness of the mesodermic elements ; the 
supporting reticulum, the capsule, and other details of the adenoid 
tissue appear later. 

The development of the spleen begins about the commence- 
ment of the third month, some time after the pancreas has become 
defined ; a condensation of the mesodermic cells, lymphoid in 
character, within the posterior mesentery, or the mesogastrium, in 
the near vicinity of the pancreas, is the earliest indication of the 
future organ. The lymphoid aggregation first establbhed is sup- 
plemented by the elements lying beneath the peritoneum, which 
differentiate into elongated spindle-cells especially devoted to the 
formation of the trabeculse and connective- tissue framework. 
Numerous blood-vessels soon grow into the splenic tissue, the sub- 
sequent accumulations of lymphoid cells within the tissue around 
some branches of the arteries giving rise to the Malpighian cor- 
puscles. 

The history of the development of the thymus body demon- 
strates an origin markedly at variance with the character of the fully- 
formed organ, since, notwithstanding the pronounced lymphatic type 
of the tissue constituting almost the entire body when most complete, 
its structure in the earliest stages corresponds entirely to embryonal 
epithelium which is derived as the direct outgroivth of the ento- 
derm. The first trace of the thymus body appears as a cylindrical 
bud of entodermic tissue springing on either side fi-om the third 
pharyngeal pouch, or inner visceral furrow. The epithelial nature 
of the early thymus is for some time very evident, the original cdl- 
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mass appearing also similar to the earliest stage of a glandular area ; 
repeated division rapidly converts the at first simple cylindrical aggre- 
gation into a complex figure, in which an elongated main part bears 
numerous lateral branches. At a later period the surrounding meso- 
derm becomes richer in cells and more compact and grows into the 
original epithelial structure, the result of which invasion is the final 
complete atrophy and disappearance of the epithelial constituents, 
with the exception of the inconspicuous but constant corpuscles of 
Hassall, which alone bear witness to the primary epithelial nature 
of the organ. 
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CHAPTER IX. 



MUCOUS MEMBRANES AND GLANDS. 

All passages and cavities directly or indirectly communicating 
with the exterior of the body and the atmosphere are lined by 
mucous membranes. 

These structures consist of two parts : the connective-tissue 
stroma, or tunica propria, and the epithelial covering; the 
outer surface of the connective-tissue layer is quite usually special- 
ized to form an extremely delicate basement- membrane, or mem- 
brana propria, which thus separates the epithelium from the under- 
lying tissue and forms a third constituent of the mucous membrane. 
The basement -membrane is often scarcely 
demonstrable as a distinct layer, while 
in certain organs, as many glands or the 
hair-follicles, it is highly developed. 

The epithelium of mucous suHkces 
varies both in character and in arrange- 
ment, as already described in Chapter il. 
The proper substance or stroma of the 
mucous membrane consists of a felt-work 
of bands of fibrous connective tissue 
together with net -works of elastic fibres ; 
these latter may be so plentiful that an 
especial elastic layer is formed, as in parts 
of the respiratory tract. Numerous con- 
nective-tissue cells lie between or upon 
the fibrous bundles, the flattened plate- 
cpiifaeiium ijjjg j^[]g forming in many places par- 
*proptU: tial linings for the interfascicular lymph- 
», Nooa TOHii loRninE oei-worki gpaces found throughout this layer. 

Not mfrequently the surrace of the 
connective-tissue stroma is beset with numerous elevations or papills, 
over which the epithelium extends. Such irregularities, when slight, 
may be present without impressing the free surface of the mucous 
membrane, since the epithelial layer completely fills the depres- 
sions between the elevations ; when very pronounced, the papillx 
or folds of the connective tissue produce such conspicuous sculpt- 
urings of the sur&ce as the papillae of the tongue or the nigEE of 
the vagina. 
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Mucous membranes may be invaded to a greater or less degree 
by lymphoid cells, as in many localities in the digestive tract ; 
sometimes, as in the villi of the small intestine, the tissue assumes 
still more closely the lymphoid type, a delicate connective- tissue 
reticulum supporting the lymphoid cells. 

The membrana propria, or basement- membrane, usually 
appears as a delicate homogeneous line beneath the 
epithelium. It must be regarded as a modification ^'°- ■^'■ 

of the connective tissue, and when well developed 
after suitable staining with silver, appears as a more 
or less complete covering of flattened, endothehoid 
cell-plates. The deeper layers of the mucous mem 
brane fade away into the surrounding areolar tissue 
or into the adjacent submucosa ; sometimes, how 
ever, the mucosa is limited by a delicate zone of 
involuntary muscle, the muscularis mucosae, 
consisting often of two distinct, although delicate, 
layers of muscle-cells. 

Mucous membranes are usually provided with 
glands, which in their simplest type are depressed portions of the 
general mucous suriace, lined with modified epithchum — the secreting 
cells. A single cell may constitute an entire gland, instances of such 
arrangement being found in the unicellular glands of the lower 
forms ; the familiar goblet-cells are, in fact, such structures ; it is, 
however, the more developed forms of secreting apparatus which 
the term "gland" usually represents. 

Glands are of two chief varieties, tubular and saccular, each 
of these occurring as simple and compound. Simple tubular 





glands are frequent, the peptic glands and the mucous follicles of 
the intestines being well-known examples. Compound tubular 
glands vary in complexity, from a simple bifurcation of the fundus, 
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as in many pyloric or uterine glands, to the intricate arrangement 
of the tubules of the kidney or the testicle. 

Simple saccular glands do not occur in the higher animals, but 
are conspicuous in the lower types, as in the integument of am- 
phibians. Compound saccular, or racemose, glands, on the 
other hand, are represented in man and mammals by such important 
organs as the pancreas and the salivary glands. 

In the least complex type of gland, the simple tubular, the tvro 
fundamental parts of all glands are distinguishable in their primi- 
tive form I these are the deeper actively secreting portion, the fundus, 
and the superficial division, or duct, through which the products of 
the secreting cells escape. Dilatation of the fundus of the primitive 
type produces the simple saccular gland ; division of the fundus and 
of part of the duct originates the compound tubular variety ; repeated 
cleavage and subdivision of the duct, with accompanying expansion 
of the associated terminal tracts, lead to the production of the com- 
pound saccular, or racemose, type. 

The tubular glands may exist as perfectly straight cylindrical 
depressions ; more usually, however, the tubes are somewhat wavy 
or tortuous : when the torsion of the fundus 
Fig- '64- reaches its highest expression, such modi- 

-^ S lications as the coiled sweat-glands result. 

y'pA Glandular epithelium is the direct de- 
Jfi" ! rivative of the cells covering the adjacent 
|J?i , mucous membrane, so modified and special- 
ized as to adapt it to the requirements of 
the several parts of the gland. In simple 
tubular follicles the cells of the adjacent 
free surface pass into those lining the neck 
of the gland with little change ; celb of the 
increased size and spherical form become 
more pronounced towards the fundus, where 
the elements assume the characters of se- 
creting epithelium. The cells lining the 
upper part of the duct of such glands not 
infrequently exhibit a distinctly imbricated 
arrangement ; this is well seen in the peptic 
glands. 

'"LI*'"'' "^ "' bum.o The greater complexity of the racemose 
glands resulting from the system of freely 
branching excretory tubes renders the recognition of several parts 
desirable. These are, towards the ducts, proceeding Irom the ter- 
minal compartments, the alveoli or acini, the intercalated or 
intermediate tubules, the intralobular tubes, the interlobular 
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ducts, and the excretory ducts, which latter usually unite to form 
a single common duct of large size. 

At the open end of the acinus the lining cells of the latter become 
flattened or cuboidal, and, together with the basement-membrane, 
are directly continuous with the similar structures forming the walls of 
the narrow intermediate tubule ; the latter succeeds the acinus as 
the continuation of the narrow intercellular clefts of several adjacent 
acini, and, after a longer or shorter course as a delicate narrow- 
lumened canal, passes into the intralobular tube. The distinctive 
characters of the latter are its larger lumen and the columnar epithe- 
lium, many cells of which exhibit a distinct vertical striation through- 
out the peripheral zone next the basement- membrane. The branch- 
ing intralobular tubes, on emei^ing from the lobular tissue, join to 
form the interlobular duct which occupies the connective tissue lying 
between and holding together the divisions of the glandular sub- 
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sunce. The interlobular ducts are clothed with simple columnar 
cells, which form a passive lining to the canal for the conveyance of 
the secretions of the more active parts of the gland. Towards the 
free surface of the mucous membrane the interlobular ducts unite to 
form the chief, often single, excretory duct of large lumen, whose 
walls for a variable distance from the point of discharge are covered 
with epithelium similar to that covering the adjoining mucous surface ; 
this is soon replaced, however, by the columnar cells which then 
continue into the smaller tubes. In the large ducts the subepithelial 
tissue is strengthened by net-works of elastic fibres. 
The saccules or alveoli are limited by a basement-membrane 
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Upon which rests a single layer of irregularly spherical or polygonal 
secreting cells ; these latter do not entirely fill the acinus, but leave 
an intra- cellular cleft, in which the system of tubes for the conveyance 
of the secretions commences. 

Glands are often divided into serous and mucous, a differentia- 
tion depending upon the peculiarities of the cells lining the acini as 
well as upon the character of their secretion. The cells of the serous 
glands are distinguished by being distinctly granular, generally 
spherical in form, readily and deeply stained with carmine, and by 
having conspicuous nuclei situated near the centre of the cells ; the 
elements of the mucous glands, on the contrary, are distended, 





very clear and transparent, slightly stained with carmine, and have 
the nuclei displaced to the outer edge of the cells, not infrequently 
immediately beneath the basement-membrane. In the embryonal 
pre- functionating condition these two kinds of glands are identical, 
both as to mode of origin and histological characteristics ; the varia- 
tions and the conspicuous differences subsequently appearing depend 
on differences of physiological function and character of secretions, 
and not on structural differences in the original cells. 

Fluids elaborated by the serous glands are thin and watery, appear- 
ing within the protoplasm of the secreting cells as minute dark gran- 
ules ; the general appearance of the cells depends upon the number 
of these granules stored up within their protoplasm. When a serous 
gland is in a condition of rest, the cells are loaded with granules, 
and when stained they appear larger, clearer, and coarsely granular ; 
after active secretion the cells are exhausted and contain fewer 
granules, appearing, therefore, smaller, darker, and finely granular. 
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The mucous glands secrete a clear, viscid, homog'eneous sub- 
stance, or mucine, having little affinity for carmine, but staining 
deeply with hematoxylin. During rest the cells of such glands 
become loaded and distended with the mucoid secretion, while the 
nuclei are crowded to the periphery of the cells ; under these condi- 
tions the cells lining the acini appear clear with well-defined oudines, 
and, on the sides next the basement- mem- 
brane, present a thin zone contammg the 
displaced nuclei and granular protoplasm 
After prolonged secretion the exhausted ix 
cells contain relatively little mucoid sub 
stance ; hence the threads of the protoplasm 
*re no longer widely separated but are 
"lore closely placed ; in consequence of 
these changes the cells assume appearances 
resembling those of the elements of the 
serous glands, being smaller, darker, and mucoui Mcini conuining rupee- 
more granular than the cells of the quies- ^"^^ "" g«nui« bd<i ibeciai 
cent mucous gland. 

In the acini of mucous glands small crescentic groups of granular, 
deeply-staining cells are often seen lying between the clearer elements 
and the basement-membrane ; these are the crescents of Giao- 
nuzzi, or the demi-lunes of Heidenhain, the significance of 
which has caused extended discussion. The recent researches of 
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*^uchenmeister, Solger, R. Krause, and others, have shown that 
these crescents are composed of cells identical with those filling the 
^ni of the serous glands. The crescents, therefore, are groups of 
serous cells, compressed and displaced by the preponderating mucous 
elements, which add their albuminous secretion to that of the mucous 

Eland. Glands containing the crescents are to be classed as mixed, 

^^ muco -serous. 
The vascular supply of glands is always rich. The larger blood- 

"escls, conveyed by the submucosa, send oflT branches into the 
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mucosa to break up into capillaries which enclose the tubules and 
acini in close net-works, lying outside but in intimate relation with 
the basement-membrane, an arrangement favoring the passage of 
substances from the blood into the protoplasm of the secreting cells, 
which are thus placed between the blood-current on the one hand 
and the lumen of the gland on the other. 

Numerous lytnphatic spaces are contained within the connective 
tissue surrounding the acini and the tubules, some of the clefts being 
immediately beneath the membrana propria and in close relation with 
the gland. 

The nerve-supply of glandular structures is often very rich. The 
nerve-trunks accompany the lai^er blood-vessels in the submucous 
tissue and give olT numerous small bundles which follow the smaller 
arteries in their distribution to the mucosa, where they form delicate 
plexuses about the acini and the tubules immediately outside the 
basement -membrane. The exact mode of the final termination of 
the nerves and their relation to the individual secreting cells are still 
matters for investigation ; whether the fibres pierce the basement- 
membrane to terminate among the glandular epi- 
thelium, while probable, must be regarded as still 
unproved. 

The development of glands proceeds fi-om 
the epithelial tissue of the young mucous mem- 
brane, the penetrating cylinder of epithelium rep- 
resenting ectodermic or entodermic tissue, except 
in those cases where the glands are formed in 
connection with the parts of the genito-urinary 
tract derived entirely from the mesoderm. 

The first trace of the glands consists of a 
cylindrical ingrowth of the epithelium into 
the subjacent mesodermic tissue, both the tubular 
and the saccular glands alike starting as simple 
epithelial processes, ^here, however, the struct- 
ure is destined to become a gland of the racemose 
type, the branching cords of epithelial elements 
early indicate the nature of the future gland as 
distinguished from one of the compound tubular 
"""^^n"^X"a^ variety; since, in this case, the terminations of 
ipiiheiium grow*. the epithelial masses soon become markedly ex- 

panded and club-shaped, from which dilatations 
the ultimate divisions or primary alveoli of the racemose glands are 
extended secondarily. The epithelial cords, at first solid, later 
acquire a lumen which extends as far as the terminal compartments 
of the gland. Sometimes, as conspicuously instanced by the liver, 
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the primary arrangement of the gland is modified by subsequent 
changes to such a degree that the original plan of its structure is 
recognized with difficulty. The sexual glands are so highly special- 
ized that in their development they deviate materially fi^om the mode 
of the formation of the typical secretory organs. * Ordinarily the 
elaborating glandular cells are ectodermic and entodermic in origin, 
while the basement-memtn^nes and supporting tissues are meso- 
dermic. 
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/ CHAPTER X. 

THE DIGESTIVE TRACT. 
THE MOUTH. 

The mucous membrane of the oral cavity consists of the qw- 
thelial covering and the connective -I issue stroma or tunica propm; 
the deeper layers of the latter fade insensibly into the subjacent 
tissues which unite the mucous membrane with the surrounding 
deeper parts. The epithelium lining the entire oral cavity is of 
the stratified squamous variety, continuous with the epidermis on 
the one hand and with the covering of the pharynx on the other. 
The tunica propria is composed of interlacing bundles of fibrous 
connective tissue containing elastic net- 
Fc^ja^ _ works, and possessts numerous simple 

"^ "^~^ .— T— — papillie which encroach on the epithelial 

layer, but do not appear on the free 
surface of the mucous membrane. The 
latter is broken in many places by the 
openings of the ducts of the numerous 
glands which occupy the submucosa 
and deeper parts of the mucosa. 
In the transition of the skin on thi 
" lips, where the skin passes into th' 
7 mucous membrane, the epithelium • 
una greatly thickened, while the connective 
'^^ tissue layer decreases in thickness ; th 
■pits subepithelial papillae here become vei 
iminn prominent. The hair-follicles disappe* 
but the sebaceous glands still are preset 
esjiecially near the angles of the mouth and in the upper lip. Ti 
mucous membrane covering the cheeks adheres tightly to the buc^ 
nator muscle and possesses small papilUe ; that covering the gun 
IS dense and contains numerous well-marked papilUe beoeath t) 
epithelium the submucous tissue being closely united with the pe« 
osteum The portion covering the hard palate is thin and tirm^ 
united to the periosteum while that investing^the, ^ft pala te. It 
uvula, and the fiuces is much thicker, less^nse, possesses numeroi 
mucous glands, ah37nfniany places, is so densely crowded with lyn 
phoid cells that the entire mucous membrane assumes the appearan( 
of adenoid tissue. 
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The oral mucous membrane is thickly beset with small mucous 
racemose glands in nearly all parts. These are especially well 
ntated on the lips, the cheeks, the under surface of the tongue, and 
the soft palate, constituting, respectively, the labial, the buccal, the 
lingua], and the palatine glands ; on the gums and the hard palate 
such structures are absent or present in very limited numbers. The 
acini are situated within the deeper layers of the mucosa, while the 
ducts pierce the superficial layers to open on the free surface. The 
squamous epithelium of the latter is continued within the duct usually 
as &* as its first division. Small lateral isolated groups of acini, 
constituting accessory mucous glands, sometimes open into the long 
narrow excretory duct of the main glandular mass during its journey 
to the firee surface. 

The larger blood-vessels supplying the oral mucous membrane 
lie within the submucous tissue and give off branches which extend 
through the deeper layers of the mucosa to the superficial portions 
of the connective-tissue stratum ; on reaching the outer boundary 
of the latter the arteries break up into rich subepithelial capillary 
net-works, or, where papillae are present, enter the minute elevations 
to supply their apices with terminal capillary loops. The capillaries 
likewise enclose the acini of the oral glands. 

The lymphatics begin in the irregular net-work^Qf^interfisci.cular 
spaces between the connective-tissue bundles of the tunica propria ; 
these spaces unite to form definite lymphatics in the deepest layers 
of the mucosa, which in turn are taken up by the larger lymph- 
vessels of the submucous tissues. ^.-, 

Nerve-fibres, largely of the im^dullatedjrariety, accompany the ^ . 
hlood-vessels, and form a subepithelial plexus ; special terminations 
■^f*e end-bulbs — are found in the apices of some of the papillae, ^ 
^We additional numerous tactile corpuscles occur on the lips. ^ ^C 

THE TEETH. 

*^ principle, and among many of the lower animals in fact as well, 
^ teeth may be regarded as hardened papillae of the oral mucous 
■"^brane. 

* he teeth are firmly retained within their appropriate sockets 
^y the alveolar periosteum, the peridentinal membrane, which 
'^'ds together the alveolus and the root of the tooth. The perios- 
^ni lining the alveolus is composed of dense fibrous tissue, whose 
'*^fes have a general transverse disposition : elastic tissue is almost 
^^ting, nerves and blood-vessels being, however, numerous. At 
^ neck the tooth is especially embraced by the thickened perios- 
^, which then becomes continuous with the periosteum covering 
he alveolar process of the jaw and with the gum. 

10 
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The tooth comprises the dentine, the enamel, and the cemen 
turn. 

The dentine, or ivory, principally contributes the bulk and th 
characteristic form of the tooth, compielely enclosing a central pulp 
cavity, except where the narrow nutrient canal, admitting the blood 
vessels and nerves to the pulp pierces the apex of the fang. Thi 
dentine is composed of a matrix or ground -substance, which, x 
that of bone, must be regarded as modified connective tissue, 
formed of bundles of 
fibrous tissue intimately 
united and subsequenll)' 
impregnated with cala- 
reous salts. 

Piercing the ground- 
substance and appear- 
ing under low amplifica- 
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tion as a radial striation, the dentinal tubules extend the entira 
thickness of the dentine as minute channels ; they are seen espe- 
cially well in sections of the dried tooth in which the canals ar ■ 
filled with air. Starting from the pulp-surface with a diameter t^ 
2.0-2.6 /I, the dentinal tubules pass in a slightly wavy and spits 
course through the dentine, to terminate in irregular clefts, tl« 
interglobular spaces, situated at the juncture of the dentine wit' 
the enamel or the cementum. 
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The tubules give off numerous secondary canals along their course, 
by which means the adjacent tubules communicate ; on approaching 
the enamel or the cement the tubules undergo repeated division, 
the resulting smaller secondary channels corresponding in their 
general direction with the larger canals. 

The marked parallel curves described by the dentinal tubules pro- 
duce optical effects which are appreciated as a coarse siriation con- 
centric with the outline of the pulp-cavily ; these appearances, known 
as Schreger's lines, may be seen in sections with the unaided eye. 
That part of the dentinal matrix immediately surrounding the tubules 
is especially dense and resistant, and constitutes the so-called den- 
tinal sheaths which may be isolated by acids. Within the tubules 
lie the delicate dentinal fibres, which are the modified processes 
of the connective-tissue cells forming the peripheral layer of pulp- 
tells. When cut across the tubules appear circular or slightly oval, 
and contain a minute dot, the dentinal fibre in transverse section. 
Want of uniformity in the calcification of the outer zone of dentine 
gives rise to the incremental lines of Salter. 

The interglobular spaces are irregular stellate intercommuni- 
cating clefts situated at the outer margin of the dentine, traversed 
hy some of the dentinal tubules. The waU»,of these spaces pre- 




^^ numerous minute spherical projections, the dentinal globules, 
produced during calcification of the dentine, 

The enamel covers the exposed parts of the softer underlying 
"^tine, and is composed of irregular 4-6-sided columns, the enamel 
P'lsnis, closely placed and generally vertical to the surface of the 
"•^tine. After suitable isolation the enamel prisms appear slightly 
'^cose in outline, the minute concavities producing the irregular 
wit bands often seen traversing the prisms. The prisms are held 
•(igether by a delicate layer of cement-substance and grouped into 
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bundles which cross one another, producing the alternate dark and 
light radial prism-stripes of Schreger. The additional dark lines 
extending more or less parallel to the free surface of the tooth — the 
stripes of Rctzius — are probably due to inequalities in growth and 
density. At birth, and for a variable time thereafter, the outer sur- 
face of the enamel is covered by a delicate but resistant cuticle, the 
membrane of Nasmyth, composed of uncalcified enamel and 
the remains of the enamel organ. This cuticle is soon worn away 
after the teeth are actively used. Next the dentine numerous clefis 
exist for a short distance between the enamel prisms ; they com- 
municate with the inteiglobular spaces and thus indirectly with the 
dentinal tubules. 

The cementum, or crusta petrosa, invests the fang of the tooth 
and closely resembles in structure ordinary bone ; the lamellae extend 
parallel to the dentine, as do likewise the 
Fig. 177- long axes of the bone lacunx. Where the 

cementum reaches a considerable thickness, 
as at the apex of the root of the tooth, Ha- 
versian canals may exist, although usually 
these are wanting ; perforating fibres of 
Sharpey are also present in small numbers. 
The lacunae communicate with the dentinal 
tubules, while the protoplasmic processes 
of their contained bone-cells may come in 
contact with the filaments of the odonto- 
blasts lying within the dentinal tubules. 

The pulp consists of a matrix of soft 
embryonal connective tissue, in which nu- 
merous stellate and spindle cells form pro- 
toplasmic net-works by their anastomosing 
processes. At the periphery the connective- 
tissue elements are arranged as layers of 
elongated cylindrical cells perpendicular to 
the inner surface of the dentine, in contact 
with which they lie ; these cells are the 
odontoblasts, being the representatives of the cells which were 
actively engaged in producing the dentinal matrix. The protoplasm 
of many of these cells is prolonged peripherally as delicate threads 
into the dentinal tubules, the processes becoming modified to form the 
stiff elastic dentinal fibres ; centrally, the odontoblasts frequently 
are connected with the stellate connective-tissue cells. 

The pulp b richly supplied with blood-vessels and nerves. The 
arteries run in the long axis of the tooth, breaking up into capillary 
net-works which are closest in the periphery. The nerves accom- 
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pany the larger blood-vessels as medullated fibres ; these give off 
fihments which pass to the layers of odontoblasts, among which 
they extend as pale fibres. The ulti- 
mate distribution of these latter is still 
unsettled ; the assertion that fine fibrillze 
accompany the dentinal fibres into the 
tubules lacks confirmation. 

Distinct lymphatic vessels have 
not been demonstrated within the pulp, 
although the clefts within the matrix 
betw^een the connective- tissue fibres 
represent the lymph-spaces and are in 
dose relation with the adjacent lym- 
phatic channels. 

DEVELOPUBNT OF THE TEETH, 

The teeth of man and the higher 

ammals are really exaggerated papillfe, 

the peripheral parts of which have 

become specialized and have under- 
gone calcification. The ectoderm con- 
tributes the enamel, while the dentine, 
ccmentum, and pulp are derived from 
the mesoderm. 

A linear thickening of the primitive 
on] epithelium marks the earliest indication of the formation of the 
tnth ; in man this band appears before the end of the sixth week 
{Rose), and is adherent to the under suriace 
<^ the epithelial layeryV Following the ex- 
pwsion of this ectoderaiic thickening a con- 
tinuous lateral projection, the dental ridge, 
|TOws obliquely into the mesodermic tissue. 
•ht dental ridge continues to grow back- 
ward towards the mandibular articulation, 
wnning an unbroken arch of ectodermic 
^isue connected with the under side of the 
°n] epithelium. The line of this attach- epiihciium <«) fro' 
mem B later marked on the oral surface by ^^''„'^J|'" '" '"'^ '""' 
* longitudinal furrow, the dental groove, 

*hjdi has been long known, and which was formerly regarded as the 
"litial step in the dental development. 

"hile the dental ridge constitutes a shelf-like common epithelial 
"'"agination, the position and further development of the individual 
"^ are marked by local thickenings along the under surface of 
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the ridge. These secondary dental bulbs are the first indications 
of the enamel oi^ns of the temporary teeth. After the establish- 




otgab ; nT, mdoderinic dssuCr 

ment of these structures the ectodermic tissue composing the dental 

ridge atrophies and eventually disappears in the intervals between 

the individual teeth. The enamel aaca of the permanent teeth are 

formed at a later date from the remains 

Fig. i8*. of the dental ridge, those for the three 

permanent molars being derived from a 

special extension of the dental ridge 

which grows independently of ectodermic 

attachments. 

The primitive enamel organ which 
grows from the dental ridge at first con- 
_<■'• sists of a solid cylindrical process of epi- 
^\' ^h thelial tissue ; soon, however, the ex- 
tremity becomes club-shaped and slightly 
tortuous, and later distinctly expanded 
and flask-shaped. Coincident with these 
changes the surrounding mesoderm be- 
gins to exhibit proliferation and conden- 
sation of its elements, this differentiation 
iw of nbb 1 embryo marking the earliest stage in the forma- 
tst of enamf o^an tion of the important mesodermic dental 
'^6in<J-M'cii'T"m ?*?•""> which Very soon becomes a 
Kue wh ch at a hu conical mass of closely-aggregated meso- 
CTodtrm"" ""'^""*' dermic elements. 

Along with the growth of the latter 
;xpanded end of the ectodermic plug becomes indented 
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or invaginated to form an epithelial cap which embraces the meso- 
dermic dental papilla and from its future important function is 
known as the enamel organ The enamel organ however sub- 
serves another important pur 

pose since its inner and outer '° * 

layers grow towards the base -^^ Zot,a^ „ ~-^^ 

of Ihe dentinal papilla and ^S 

invest the young mesoder ^ „"* 

mic tissue with a two layered 

envelope the epithelial 

Bheath This structure plays 

an important rS/e in deter 

mining the form of the future 

tooth since the young dentine 

is deposited along its inner sur 

fcice Vestiges of this sheath ap 

pear as isolated epithelial nests 

The enamel organ itself under 

goes a differentiation into three 

distinct layers the outer layer ^^^ J^'^ 

direcilv continuous for a long dmMd mnod n 

lime with the ectodermic cells ^^1,^^ ^, „t 

I of the oral cavity, is composed with the mamei 

of one or two layers of low 

columnar or polyhedral cells ; 

the point where they are reflected to form the inner, invaginated 

part of the original epithelial sac, the cells become elongated and 

Fig. 184. 
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fetinctly columnar, constituting the inner layer of the enamel organ 
^ "^onuinbg the beautiful enamel cells. The outer and inner layers 
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of the enamel organ are separated at first by the narrow zone of 
epithelial elements of the middle layer ; the cells of the latter soon 
undergo characteristic changes, owing to an accumulation of fluid, 
resulting in the complete transformation of the cells, which become 
pressed together and reduced to thin plates, the tissue appearing 
as if composed of irregularly anastomosing connective-tissue fibres 
rather than of epithelial elements. The enamel organ retains for a 
considerable time its connection with the epithelium of the oral 
cavity, a thin atrophic cord of cells indicating the position of the 
former robust stalk. At the side 
*''*'■ '**' of this attachment a lateral cylin- 

drical projection early marks the 
beginning of the development of 
the second enamel organ for 
the pennanent tooth. 

The columnar cells, of the in- 
ner layer, the adamantoblasts, 
, alone produce the enamel. This 
process consists essentially of a 
gradual deposition on the inner 
I side of the enamel cells — that is, 
next the new dentine — of homo- 
geneous prisms arranged verti- 
cally to the sur&ce of the inner 
layer of the enamel otgan. The 
layer of enamel increases by the 
addition of increments deposited 
from within out, the latest -formed 
,0 producing i»).tr of euSmel always lying immediately 
lUe, 4,cHucr »y« internal to the inner layer of the 
enamel organ. During the later 
stages the inner and outer layers are approximated at the expense 
of the intervening middle layer, which finally becomes reduced to 
an attenuated stratum. Subsequent deposition of lime-salts imparts 
to the enamel its remarkable har4ness. 

During the changes described in the enamel organ the central 
dental papilla is actively engaged in producing the dentine. The 
top and sides of the papilla are covered by a layer of elongated, 
columnar or pyriform connective- tissue cells, the odontoblasts, 
which are the immediate agents in causing the deposition of the 
dentinal matrix, the formative process being similar to that producing 
bone. The dentine is first formed at the ape* of the papilla, and 
appears as a thin lamina of homogeneous matrix into which the 
delicate processes of the odontoblasts extend, becoming the dentinal 
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fibres ; the canals left within the matrix to maintain the nutrition 

of the tissue constitute the dentinal tubules, the homologues of 

the lacuncB and canaliculi of bone. p,^ ,a^ 

With the continued growth the sides 

of the papilla as well as the apex be 

come covered by the layer of newly 

formed dentine ; the central part of 

the dental papilla remains after alt 

the dentine has been formed as the 

pulp-tissue, into which the blood 

vessels and nerves grow at a later 

period. 

At first the newly formed dentine 
is soft, the impregnation with lime 
salts occurring subsequently the 
layer of the soft, most recently 
formed matrix is readily distin 
guished in stained sections from the 
older calcified tissue The cemen 
turn, wanting during fcetal life is 
produced by the alveolar penosteum . 

THE TONGUE. 

The bulk of the tongue i 
Tfosed of variously-disposed bundles "^ B»iii<iii i«yer. t "od •/. «u» of inne 

r 1 r-1 r 1 1' I- of BlULncI OinD ; f, EODC of youDff el 

of stnated fibres ol the ungualis, 
together with those of the accessory muscles, over the unattached 
sur&ces of which the oral mucous membrane is reflected. _.. The- 
muscular tissue of the organ is arranged in bundles extending in 
three planes : (i) vertically and slightly radially (genio-hyoglossus, 
vertical fibres of lingualis and hyoglossus) ; (2) transversely (trans- 
verse fibres of lingualis) ; (3) longitudinally (lingualis superior and 
inferior, and styloglossus). A vertical median partition, the septum 
lingualse, divides the muscular tissue into two halves ; the inter- 
fascicular spaces are filled by delicate cqnnective-^ssue and &t, in 
which lie embedded numerous small lingual glands. Many of the 
muscle- fibres find insertion in the deeper' layer oT the mucosa, into 
which their sarcolemma fades. Branched striped muscle-fibres are 
of common occurrence in the tongue. 

The mucous membrane forms the most conspicuous part of the 
organ. That covering the sides and inferior surfaces of the tongue 
is thin, containing small papillae and numerous mucous glands : on 
reaching the superior surface the mucous membrane greatly increases 
in thickness, and presents additional conspijjuoos irregularities, the 
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papilla. The papillae are of three kinds : the Bliform or 

the fungiform, and the circum vallate. ■ 

The conical papilla are wjdely distributed, occurring on 
of the upper suriace 
tongue They consi 
conical or cyhndncal 
oTthe connective tissu 
mucosa 5-2 5 mm 11 
covered with a thick 
epithelium the cells c 
as the most exposed pa 
papillae are partially 
by abrasion the reman 
tHelium presenting a ra; 

The fungiform pa( 
likewise found on all 
the tongue but they . 
in number lower and 
than the conical appt 
isolated but distinct re 
Secuon orhumin on nhowiD con ji lE '^''^ connective tissue 

a.i:OIlnKli.fIi«utDfniucoM,whichfonincor.of thcSC papills afC COmpI 

p.pui«;*.*,p«ti.iij..br.d«icpith.huB.;(.™»«a jgjjgg felt-work of fibroi 

Dt epithclul celli nlUng itHtrpApiMvy ncwfi, 

and bear secondary p; 

their upper surface, the epithelium completely enveloping t 

connective-tissue core. 

The circumvallate papillse, usually eight to ten in nur 

-' ' placed in two rows fom 

a he posterior part of th 

of he ongue. Each a 

a a ge flattened fungifon 

surrounded by a deep fu 

a secondary encircling 

wa — an arrangement » 

ugges d the name. T 

u f e of the mucosa 

w h m nute secondary el 

wh h however, are not 

s gu ch h w g uagiform on the free surface, beir 

b (he < iihtLum" """ """'■"" by the hick stratum of 

epithelium. 

Lying altogether within the epithelium lining the sides of 

circular furrow, the taste-buds appear as inconspicuous o\ 
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occupying almost the entire thickness of the epithelium. Additional 
titste-buds are found in the folds in the vicinity of the circumvallate 
papillae, as likewise on some fungiform papillae. At the sides of the 
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^'■^'WaofcircuinnlLatEpaiHMalTaiiilDDgue of child: a, DUin central elcvUian. lumunileil by ihe 
uauUr lidgc («l uid Ihc iDIcnening deep furrow ; c, luit-budg vilhio Ihe epithelium : d. diKU at 
«»>>i^H„g gild. (,, t, : '. blood-.'Lt' 

tongyp^ just in front of the anterior pillars of the fauces, are groups 
"^ _ parallel folds containing a number of taste-buds ; these folds con- 
^tute the paptllee foliatse, which are highly 
'^^veloped in some of the lower animals, as in 
'f^e rabbit. 

The taste-buds are oval, flask- sha ped 

^^ies, embedded within t he epith elium, occu- 

^?^'^S iisually the entire thickness of the latter, 

*ith their long axes placed in general vertically 

^ the free surface of the epithelium. Each 

^*^te-bud consists of an enveloping layer of 

S^eatly-elongated epithelial cells, the cortica l 

*^'" tegmental cells, which form a complete 

overing, except over a small area correspond- 

'^S to the superficial pole of the bud ; at this 

■^**i»it a minute canal, the tastejiflj^ connects 1 

^^ interior of the bud with the surface of the \ 

^^^c^ous membrane. ' 

, . ^^ithin the epithelial capsule lies a group of \ 

'S:My-specialized elements, the gustatory 
^^ — 3~3s- These neuro-epithelial elements appear ^t^cc 
"^ Spindle, r od-like, or forked cell s, each being 

»*'^>Ssessed of an oval nucleus situated about the centre of the elon- 

^^ted body. The peripheral or outer ends of these cells are usually 

P*^ovided with fine poi nted extremitie s, some^of which terminate in 

^*ff hair-like processes projecting wTthin the taste-pore almost as 
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5 *>j A*r ' fer as the free surface. The inner or central ends of the gustatory 

. ^ i; ^ J^* cells are prolonged as slender nervous processes, which are often 

^ , * ^v^beset with minute swellings oCyaricosities^ * These processes end in 

-^ C •* 4 ^dose association, but not continuity, with the terminal axis-cylind ers 

i ^ -;> t -Composing the intrabulbar ramifications of the fibres ol the glosso- 

• ^ ?- V >phary ngeal nerye, the nerve of the special sense of taste. 

^ "^ -l *- The submucous and interfascicular tissue of the tongue con- 

' 3 J Stains numerous glands, both of the mucous and of the serous type. 

J <- ^^",; The mucous glands resemble those of other parts of the oral 

"^ "cavity, being small racemose clusters of acini more or less filled 

:: with clear mucoid secretion. They are situated in the deeper layers 

-\ of the submucous tissue, as well as between the bundles of the 

muscle-fibres, principally in the posterior part of the tongue, al- 

.^ though a group of small mucous glands (Nuhn's) is found near the 

tip. The ducts of those at the root of the tongue are sometimes 

2 lined by ciliated epithelium. 

^ ^ The serous glands are limited to the immediate neighborhood 

" .\' of the circumvallate and of the foliate papillae. The acini appear 

^ ' * darkly granular and pour out a thin watery secretion well adapted to 

; ; aid in producing gustatory impressions. 

The mucous membrane covering the root of the tongue contains 
also much adenoid tissue, which occurs either as diffuse masses 
or as circumscribed irregularly spherical lymph-follicles, 1-5 mm. in 

diameter. The position of these follicles is fre- 
*^\12e?^ quently indicated by slight elevations of the 

mucosa, in the centre of which a minute pit leads 
into the interior of the lymphatic crjrpt. The 
epithelium lining such recesses is completely in- 
filtrated with lymphoid cells, while the surround- 
e * , ine diffuse adenoid tissue contains several minute 

SaliTary corpoacies o 

from human saliva: jr. sphencal masses of dcuser structure. 

group of corpuscles near Amoug the formcd dcmcnts observed in the 

epithelial cells; ^, cor- e» 

pusde which has bunt, saliva the so-callcd salivary corpuscles are 

allowing granules to es- conspicuous. Thcsc are soherical bodies, some- 
cape; ». salivary cor- *' ^^ ' 

pnscie highly magnified, what larger than the leucocytes, and possess a 
showing granules and distinct uuclcus and miuutc cTanules within the 

nucleus. , . , 

cell-contents ; under high amplification these gran- 
ules exhibit the agitation characteristic of the molecular or Brown- 
ian motion. The salivary corpuscles are derived from the adenoid 
tissue of the mouth, and are really escaped lymphoid cells, which, 
in consequence of the action of the saliva, become swollen by the 
imbibition of a fluid less dense than the tissue-juices ; they thereupon 
exhibit a reaction similar to that seen when the colorless blood-cdl is 
treated with water. 
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The blood-supply of the tongue is very rich, the vessels forming 
a superficial net-work in the mucosa, from which minute twigs as- 
cend within the papiike to terminate at the summit in close capillary 
plexuses. 

The acini of the various glands are surrounded by capillaries, as 
are also the lymph-follicles through the adenoid tissue of which many 
minute vessels extend. The capillary net-works supplying the mus- 
cular tissue follow the general arrangement and direction of the mus- 
cular fibres, surrounding the latter by the characteristic rectangular- 
meshed net-works. 

The lymphatics of the tongue are numerous ; they are arranged 
as a superficial plexus within the submucous tissue, which re- 
ceives the lymphatics from 

the bases of the papillae the Fig '93 

latter vesseb, in turn tike up - -ifS*^?— 

the smaller trunks havmg their --'' "* -^^ 




origin in the numerous inter^iscicular lymph-spaces within the cen- 
tral papillary connective tissue. The lymph-follicles at the root of 
the tpngue are well provided with lymphatics, which surround the 
follicles and give off radicles to the adenoid tissue. 
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The nerves supplying the mucous membrane — the glosso- pharyn- 
geal and the lingual branch of the trifacial — end either beneath the 
epithelium in the usual manner, or in close relation with the organs 
of special sense — the taste-buds. Numerous microscopic gangliaalso 
occur along their course, especially in connection with the fibres of 
the glosso -pharyngeal nerve, 

THE TONSILS 

The tonstls represent comp>ound lymphatic glands while con 
siderabte variation exists as to form and size each organ consisting 
of an ag^egation of from ten to eighteen lymph follicles closely 
resembling those found at the root of 
'^ "^ the tongue embedded withm the sur 

^ roundmg diffuse adenoid tissue 
a The entire mass is separated from the 
U adjacent structures on the attached 
^ borders by a fibrous capsule and is 
s * covered with a reflection of the oral 
epithelium on the mucous surface m 
} eluding the deep central pit on which 
i the lymph follicles abut The epi 
• theltum covering the folds and de 
''^ •■'^ ^ pressions of these surfaces is com 
&i*'7lo'^^ pletely infiltrated with lymphoid cells 
»,%Vn;»j^ SO that the demarcation between the 
't/«itf J«?5 epithelium and the subjacent adenoid 
S»SAtm0m:^ tissue IS often obscure 

■ " Numerous mucous glands occupy 

I the immediate vicinity of the tonsils 

' into the crypts of which the glands 

pour their secretion to mingle with_ 

the shed epithelium and tymphoidJ 

.,„pp»u „u. ,™=, i™.uu.g nsu,^ pii occupying the recesses GreaM 

under blgbcr amplificaiioB r , j i ._ ._ 

numbers of the escaped lymphoif 
cells pass into the oral cavity to become salivary corpuscles, oM 
which the tonsils are a most important source. — — — 

Blood-vessels and lymphatics occuV-m-4ai^ numbers within 
the adenoid tissue ; venous and lymphatic plexuses surround th_* 
organ receiving the radicles issuing from the interior. Lymphs 
channels encircle the individual follicles, and afterwards communicate 
with the larger peripheral vessels. 

Regarding the ultimate distribution of the nerves little is de^P 
nitely known ; fibres have been traced into the sube^the^-^ 
plexus. 
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THE PHARYNX. ^ V 

The pharynx consists essentially of a fibrous^ tunic, within which 
lies the mucous membrane with the submucous tissue, while without 
are arranged the fibres of the constrictor and other muscles ; three 
coats, the mucous , the fibrous, and the inusculai:,^are_recognized, 
therefore, as formmg its walls. The histological differences distin- J* ^ 
guishing the upper, or respiratory, from the lower, or digestive, (^ ^^ 
portion of the sac depend largely upon variations within the mucosa, ^ /^ X 
especially as to the character of the epithelium. • r" * 

The upper, respiratory division of the pharynx is clothed with ^ ' 

stratified ciliated columnar epithelium containing numerous goblet - ^ 

cells, while the part situated below the level of the soft palate is cov- \^ 

^P?a\vith stratified squamous cells similar to those lining the oral ^ 

cavity. The tunica, J)ropria , or stroma of the mucosa, is formed c^ ^ c, 
of a felt-work of fibrous bundles, togefher with a variable, in certain ^ ^-JT » \ 
parts large, quantity of elastic tissue. The subepithelial surface of 
the mucosa, where covered by the squamous cells, is beset with 
numerous small papillae ; these, however, are wanting beneath the 
ciliated epithelium. 

Small mucous pharyngeal glands occur in many places ; they 
are especially numerous in the deepest layers of the mucosa in the 
immediate vicinity of the orifices of the Eustachian tubes, occurring 
less frequently towards the lower part of the pharynx. The mucous 
membrane contains a considerable quantity of adenoid tissue ar- 
ranged as numerous lymph-follicles in the upper part of the cavity ; 
these follicles closely resemble those found at the root of the tongue, 
existing isolated or in groups. A conspicuous aggregation of such 
structures lies on the posterior wall of the pharynx between the 
openings of the Eustachian tubes, constituting the pharyngeal 
tonsil, appropriately so named in view of the similarity of its struct- 
ure to that of the faucial organs of like name. Some of the mucous 
glands here also open into the central crypt. 

The submucous tissue unites the mucous membrane with the 
fibrous coat, whose dense felt-work of fibro-elastic bundles forms a 
structure frequently termed the pharyngeal aponeurosis. Its pos- 
terior part is greatly thickened and forms the raphe to which the 
constrictor muscles are attached. 

The muscular coat is formed of the striped fibres constituting the 
constrictor and other muscles, with whose general arrangement the 
disposition of the muscular tissue agrees. 

External to the muscular coat an irregular investment of areolar 
tissue attaches the pharynx to the surrounding structures. 

The larger blood-vessels, lymphatics, and nerve-trunks take 
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their course within the submucQua tissue, and send off branches to 
supply the mucosa in a sunilar manner as in the mouth. The lym- 
phatics are exceptiona lly numerous in the vicinity of the lymph- 
follicles, around which they form net-works continuous with those 
of the nasal cavity, the oesophagus, and the larynx. 

The nerves supplying the pharynx, deriVied from the cranial and 
sympathetic trunks taking part in the formation of the pharyngeal 
plexus, contain both meduUated and non-meduUated fibres, associ- 
ated with minute ganglia. Small twigs are given off from the larger 
branches to terminate in the subepithelial tissue and among the acini 
of the mucous glands and the lymphatic follicles. 

The walls of the digestive tract, from the oesophagus to the anus, 
are composed of four tunics-^the Qiucous, the su bmuc ous, the 
.muscular, and the filjrous or serous. The muscular coat, 
usually thickest and most rigid, is the most essential structure in 
maintaining the form of the tube. The mucosa is distinguished 
by the highly-specialized secreting apparatus which it contains, as 
well as by the variations and the modifications of its surface ; 
the difference between the several divisions of the digestive tract is 
dependent largely upon the changes in the character of this tunic. 

The submucosa loosely connects the mucous coat with the mus- 
cular, and affords space for the larger blood-vessels, the lymphatics, 
and the nerves, as well as for some few glandular structures and 
lymphoid masses. 

The fibrous coat gives additional strength to the walls of the 
digestive tube, and presents a smooth external serous surface in those 
parts of the tract which receive a reflection from the peritoneum. 

THE CESOPHAGUS. 

The walls of the oesophagus comprise four coats — the mucous, 
the submucous, the muscular, and the fibrous. 

The mucous membrane is a continuation of that of the pharynx, 
and corresponds closely with the latter in structure. 

The stratified squamous epithelium rests upon the connective- 
tissue matrix, the tunica propria, the inner sur&ce of which bears 
numerous small papillae completely hidden by the thick overlying 
epithelium. The deeper layers of the mucosa are separated from 
the submucous coat by longitudinal bundles of involuntary muscle, 
the muscularis mucosae ; these muscular bundles, absent in the 
upper part of the oesophagus, first appear as irregular and inter- 
rupted groups, which become more numerous until, from the middle 
of the tube on, they form a continuous longitudinally-disposed layer. 

The submucous coat is composed of loosely-united connective 
tissue, serving for the conveyance and support of the larger blood- 



THE DIGESTIVE TRACT. 



i6i 



vessels, lymphatics, and nerves. Within the submucosa are placed 
likewbe the acini of the mucous glands ; these are rather more 
numerous on the anterior sur&ce, their ducts piercing the mucosa 
and opening on the free sur&ce of the mucous membrane, being 
lined throughout the greater part of their length by columnar epi- 
thelium. In the lower portion of the cesophagus, particularly ab6ut 



Fig. 195. 




the cardiac orifice, the mucous glands are very plentiftil and lie 
within the mucosa. 

The muscular tunic consists of two layers, an inner circular 
and an outer longitudinal, whose component bundles are held 
tf^ether by the connective-tissue septa which pass between the ias- 
ciculi in all directions. The character of the muscular tissue varies 
in the several portions of the lube. That contained within the wall 
of the upper third of the oesophagus is entirely of the striated 
variety, while the muscular tissue of the lower third is exclusively 
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non-Striped or involuntary in character ; in the middle third 
both kinds exist, the striated fibres gradually disappearing as the 
non-striped fibres increase. The latter extend highest in the circular 
coat and somewhat farther in the anterior than on the posterior wall. 
The last traces of voluntary muscle appear as short, isolated striped 
fibres among the surrounding fasciculi of non-striated tissue. 

The fibrous coat envelops the muscular tunic externally, strength- 
ening the tube and affording attachment to the surrounding areolar 
tissue connecting the oesophagus with neighboring organs. Con- 
siderable elastic tissue is found in this coat, the elastic fibres forming 
net-works intimately connected with the bundles of involuntary 
muscle. 

The larger blood-vessels penetrate the outer coats and ramify 
within the submucous tissue, from which branches pass to supply the 
muscular and mucous tunics, the capillaries within the latter ending 
as net-works within the inner part of the tunica* propria. The 
lymphatics of the deeper layers of the mucosa terminate in the 
larger vessels of the submucosa. Numerous nerve-fibrillse pass 
from the submucous tunic into the mucosa to end beneath the 
epithelium. 

THE STOMACH. 

The stomach must be regarded as a dilated and specialized portion 
of the general digestive tube, its walls consisting of the four coats 
common to the other parts of the tract — namely, the mucous, the 
submucous, the muscular, and the serous or fibrous tunic. 

The mucous membrane is covered by a simple columnar 
epithelium, the squamous cells of the oesophagus abruptly ter- 
minating at the cardiac orifice to be replaced by the columnar ele- 
ments of the gastric epithelium, many of which are goblet-cells. 
The free inner surface of the stomach presents, in addition to the 
conspicuous folds or rugae, minute inequalities and pits, which 
mark the openings of the gastric glands ; the mouths of the latter 
show as minute depressions, between which the intervening por- 
tions of the mucosa extend as apparent elevations. 

The gastric glands are of two kinds — the peptic glands, situ- 
ated in the middle and cardiac thirds, and the pyloric glands, 
found in the pyloric third of the stomach. Both varieties are limited 
to the mucosa, extending in length the entire thickness of this coat. 

The peptic glands are slightly wavy, simple tubular depressions, 
in which a duct, a neck, and a fundus are recognized. In excep- 
tional cases the fundus is divided, while in nearly all it is tortuous or 
spiral, its extremity being often sharply bent at right angles to the 
general axis of the tube. The columnar epithelial cells of the ad- 
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,c mucous membrane pass into the ducts of the glands 
hange, becoming ^mbricajed, and, towards the neck, 
more spherical in outline. At the (,--' 

UTOwest part of the tube, the cells F e 97 

iboidal, and assume a columnar or >4l :^A 

irm as they approach the fundus. \_ ■^*'f f 

r or central cells bound the lumen 





d and form the bulk of the glandular epithelium. Each 
s a spherical nucleus embedded within the granular pro- 
lose exact condition depends upon the state of functional 
n addition to the chief or central cells, a second variety, 
1 or acid cells, exists in the peptic glands. As indicated 
ne, the parietal cells are situated in the periphery of the 
diately beneath the basement-membrane, usually separated 
imen by the intervening central cells. Minute lateral 
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intercellular clefts or canals in many places afford direct commvL- 
nication between the parietal cells and the lumen of the tube. Thfc^ 
parietal cells are irregularly distributed from the fundus to tK * 




neck of the gland ; but they are especially numerous in the vicinEI^ ty 

of the neck. These cells are larger than those lining the luni^=-n, 

polygonal or triangular in outline, and possessed of a pale, fain^t^ly 

granular protoplasm surrounding a round or ofc/'al 

"^ '^ nucleus. In preparations of human stomach, clie 

WiffliW^aW) parietal cells are not infrequently the most cc^n- 

,f'' -;>icuous and best defined, since the central c^Jis 

;re prone to disintegrate. 

On approaching the pyloric rin g, the simpl* 
libular peptic glands are gradually replaced t>3 
■iie compound glands, until, near the intesti*^* 
■ [jening, these alone are present. 

The pyloric glands are characterized by tt»« 
1 latively long, wide ducts into which the sev^:* 
visions of the body open; the tubular co» 
irtments are wavy and tortuous, and frequer^^ 
id in slightly expanded extremities. The <i'« 
lined by tall columnar epithelium, the cells 1 
)ming lower and broader as they approach ' 

g,j ^ ^ '?ck and towards the fundus. The cells con* 

mmtniftcd: a, a. ihe finely granulaT protoplasm, and do not seel 
HxTlhT iD^ ")' i"ucus, but a thin albuminous fluid, flscui^ 

lubr by then i«k™i The gastric glands, while very uniformly 

iTih^^'cTtir.''"'' ""'"' tributed through all parts of the stomach, 

arranged in groups, the individual tubule 

which are separated by very delicate partitions of the conne 
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tissue, thicker layers of fibrous tissue enveloping the entire group. 
Numbers of lymph-cells are intermingled with the fibrous tissue 
of the mucosa ; in the vicinity of the pylorus considerable patches 
of difHise adenoid tissue lie around and among the ends of the 
gastric follicles and constitute the 
Fig. aoa lenticular glands. 

— ThcTTmscnntnS mucosae oc- 
cupies the deepest layer of the 




tunica propria, and is composed of an inner circular and an outer 
longitudinal layer of non-striped muscle ; the tissue of the muscu- 
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laris mucosa extends within the interglandular septa, often as far as 
the free surface of the mucous membrane, beneath which the muscle- 
celb disappear. 

The submucosa^is a coat of considerable thickness, composed 
of a felt-work of fibro-elastic bundles of varying size, but so loosely 
interwoven that the mucosa may be shifted readily within con- 



l66 , NORMAL iHSTOLOGY^ (^i^ ' 

siderable latitude" upon the underlying muscular tunia The krge 
prominent folds, or rugse, of the stomach involve both the mucous 
and the submucous~cBat, the latter forming the connective- tissue 
frame-work of the elevation over which the mucosa with its glands 
is reflected. Within the mesh-work of connective -tissue bundles 
are supported the larger blood-vessels, lymphatics, and nerves. 

The muscular tunic comprises two principal sheets of involun- 
tary muscle, disposed as an inner circular and an outer lon^tudinal 
layer ; towards the cardiac end of the stomach irregular bundles of 
obli t^ue fi bres constitute an imperfect third layer. Th e pylori c 
orifice is guarded by a fold of mu cous membrane supported by 
the submucosa and strengthened by a conspicuous local annular 
thickenmg of the inner circular layer of muscle ; the outer longi- 
tudinal muscular layer and the serous coat pass over into the intes- 
tinal wall without partici- 
pating in the formation 
of this i^astro- duodenal 
naive- 

The serous coat b 
composed of bundles of 
fibrous connective tissue, 
together with rich 
works of elastic fibres, 
while the peritoneal sur- 
face is covered with a 
single layer of the charac- 
teristic endothelial plates. 
The narrow areas included 
between the folds of the 
peritoneum along their 
lines of reflection are, of 
s« mn of niecMd m. h o u ■ rupe on a ng course, devoid of the 
aJuiJ't^'^ ud^ °'in<^ Tu"™ t h/d^ serous Covering ; at these 
ii« rcpnuo h b Dod VMK fi cd wi h the ovm D points the vesseb and the 
Mdi^Ttr.'taiVATrau^^^dmiiKu'r.t'^uD^"'"^ nerves pass to and from 
the stomach. 
The lai^er arteries, after' penetrating the outer coats, divide 
within the submucosa into smaller branches, one set of which pierces 
the muscularis mucoscc to be distributed to the mucous membrane, 
while the other enters the muscular and serous tunics. The vessels 
supplying the mucosa form a rich subepithelial capillary net- 
work, as well as mesh-works surrounding the gastric glands, the cap- 
illaries lying immediately beneath the basement in close proximity 
to the glandular epithelium. The branches distributed to the outer 
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layers form long-meshed capillary net-works, from which the muscle- 
bundles and fibrous tissue derive their supply. 

The larger lymphatic trunks accompany the blood-vessels and 
form a coarse plexus within the submucous tissue ; a much closer ; 
net-work of smaller lymphatics occupies the deeper part of the 
mucosa, from which radicles ascend between the glands to end 
beneath the epithelium in slightly dilated blind extremities. 
Peripherally -situated lymph-vessels drain the masses of adenoid 
tissue. In addition to"the' "lymphatics' of the mucosa, the larger 
vessels of the submucosa take up those from the muscular coat. 

The nerves of the stomach, after piercing the serous coat, take 
up a position between the circular and longitudinal muscular layers, 
in which situation they form a rich plexus, consisting of both medul- 







lated and pale fibres ; at the nodal points of this net-work numerous 

microscopic ganglia are situated, the whole forming the intramuscular J. 

gajiglbnic plexus of Auerbach. 'j • ' 

f fom this plexus fibres are distributed to the serous coat and to 

'|ie longitudinal layer of muscle, as well as to the outer part of the 
f^wcular layer. The intramuscular net-work is continued by numerous 
small bundles of fibres, which, afler piercing the inner layer of cir- 
'^'^r muscle, and giving off lateral twigs to the inner part of the 
. "^^y enter the s ubm ucOTa to form there a second ganglionic plexus '1 

"iilar to the one lying between the muscular layers: this is the 
? **tuaof Meissner. The submucous plexus sends off numerous 
^^s into the mucosa, which are distributed beneath the epithelium 
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and to the Agastric glands; the exact mode of termination of these 
nerve-fibrilUe within the mucosa, however, is still undetermined. 

THE INTESTINES. 

The four coats of the stomach are continued, with little modifica- 
tion, into the mucous, the submucous, the muscular, and the 
. serous tunics of the intestinal wall ; the variations characterizing 
the several divisions of this tube are dependent largely upon modi- 
ficeUions and specializations of the mucous membrane. 

The free inner surface of the small intestine is studded over with 
small cylindrical elevations— the villi — projecting into the intestinal 
lumen and bathed in the 
' '■ ' -.^'<=-'?5; ' . juices of the canal. In 

addition to the villi, which 
are found through the 
whole extent of the small 
intestine, the mucous 
membrane is thrown into 
transverse or oblique per- 
manent folds — the val- 
vulee conmventes — 
which extend partially 
around the tube, and are 
most marked in the duo- 
denum and the jejunum ; 
' "" ' ' these folds increase the 

eMraTre?j!^nTf^lhTfo"d.''™tMmM'\hl™l"i(l'^'m ^""^^ ^^ '^^ mUCOUS SUt- 

venio lo the mucosa uid lubmDcoiu c<Mi ihe iitier coo face, and are beset with 

rn^guni*«1rdr" °™ "'"'' "^ """"" """ '" ""' ^'"' '*>^ ^^"^ ^ the sur- 
rounding parts of the 
mucosa. These projections, the villi and the valvuUe connivenles, 
are peculiar to the small intestine and serve to distingu£h"mrom 
the large. 

The mucosa is covered by a single layer of columnar epithelium 
resting upon the basement- membrane. The prismatic cells contain 
finely granular protoplasm and oval nuclei, the latter being usually 
situated within the inner half of the cell. The outer free ends of 
the cells are invested by a peculiar cuticular zone, or basilar border, 
a well-defined continuous band exhibiting, in suitably preserved 
specimens, a fine vertical striation. The significance of these mark- 
ings is still uncertain, especially in view of the fact that, after the 
action of such reagents as water, the border breaks up into rods 
resembling very coarse cilia ; the striation is regarded by others as 
the expression of fine parallel canals. 
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Goblet-cells are numerous, many epithelial elements having be- 
come distended with mucoid secretion : in carmine preparations the 
cells appear as clear, oval breaks in the ^ ^ 

contour of the epithelium. While occur- 
ring throughout the entire digestive tube, 
the goblet-cells are especially numerous in 
the large intestine, where not infrequently 
the majority of the epithelial elements are 
in this condition. During certain stages of 
digestion the protoplasm of the epithelium 
may contain oil-drops taken up from the 
intestinal contents. Migratory leuco- 
cytes are also found in the intercellular 
clefts. The epithelium rests upon a mem- 
brana propria — the endothelium of Debove 
—composed of flattened connective- tissue 
plates. 

The villi consist entirely of the tissues 
of the mucosa, the epithelium extending 
over the projecting portions of the tunica 
propria to form a complete investment of 
the finger-like processes. The centre of 
each villus is occupied by the absorbent 
chyle-vessel, or lacteal, a slightly club- _ simple lubuinr gi>nd> at Wt^- 
shaped lymphatic radicle, which ends '^\^^, iiTiiiig''*iht 'foUicki i^« 
blindly near the apex of the villus and twomf *ery largely con»t>Md 
whose walb are composed of a single layer °°*° 
of endothelium. The tissue surroundings the lacteal and forming 
the bulk of the projection approaches .ii) J ' ^ -t c {/ •_ 
character quite closely adenoid tissue, con- 
sisting of a fibrous reticulum holding many 
lymphoid cells within its meshes. The 
central lacteal lies enclosed within a capil- 
lary net-work, extending through the 
greater part of the villus and connecting the 
afferent arteriole and efferent veins. Imme^ 
diately surrounding the lacteal, and in inti- 
mate relation with it, numerous delicate 
vertical bundles of non-striped muscle, 
derived from the underlying muscularis 
mucosce, ascend towards the tip of the villus. 

The components of the villus are held together by the < 
adenoid tissue, in whose interstices lie many lymphoitj cells and, 
during certain stages of digestion, numberless fat ty granu les. At 





^ 'Wi^ ,.^ 



170 



NORMAL HISTOLOGY. 



such times the contents of the lacteals appear milky, in 1 
of the emulsion formed 
sorbed oil ; during the 
digestive inactivity the 
tarns the clear straw c 
usually found withm lyn 
sels The vilh disappe 
at the ileo caecal valve 
present tn the large tntes 
Among the structures 
testmal wall usually 1 
glands two distinct g 
Fig 309. 





be recognized — the true and the false glands, the latter 1 
or compound lymph -follicles. These structures therefoi 
the appropriate headings : 



Intestinal True-Glands. 
Glands of Lieberkuhn. 
Glands of Brunner. 



Intestinal Lymph- 
Solitary gland 
Agm inated glc 



The follicles, crypts, or glands of Lieberkiihn a 
merous, forming an almost continuous layer of simple 
pressions throughout the intestines, large as well as si 
occupy nearly the whole depth of the mucosa, their wavy 
approaching the muscularis mucosae. The columnar ef 
the free surface passes directly into the tubules to become t 
secreting cells, many of which undergo mucoid dis 
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conversion into goblet-cells. Lieberkiihn's glands lie between the 

bases of the villi, but are found 

upon the valvulae connivenles, F'g 210 

since the latter depend on the _ ^-^-^i ' ■> 

elevation of the submucosa for T^ f.,'^" 1 ^ """^ ' * "'^, 

their formation, the mucosa 

being reflected over the pro 

jecting underlying tunic In 

the lower part of the large m 

testine the glands of Liebcr 

kiihn increase in size, becom 

ing longer and possessmg 

wider mouths, their orifices 

appearing as minute pits. 

The duodenum, especially in its upper part, possesses ai 
layer of true secreting 
structures in the glands of 
Bninner. These are the 
direct continuations and 
higher specializations of 
the pyloric glands of the 
stomach. In passing from 
the stomach into the intes- 
tine these tubules undergo 
1 division, and, at 
e time, sink deeper 
and deeper into the mu- 
cosa, finally reaching below 
the limits of this layer to 
take up a position within 
the submucosa of the duo- 
denum, beneath the over- 
lying layer of the follicles 
of Lieberkiihn within the 
mucosa. 

Brunner's glands, or 
the duodenal glands, 
appear as groups of short, 
wide, tubular acini, dis- 
posed about long, slender 
ducts which pass from the 
submucous tissue through 
the mucosa to open on the 
intestinal sur^ice between 
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or by means of the orifices of the lolhcles between the bases of the 

surrounding villi. The glands, owing to the rapid branching of their 

tubules, more closely approach the racemose type than the compound 

tubular to which they 

"^ '" really belong, as shown 

^ pv- r"^ " '^ J- "» ro^ rfj, in their direct deriva- 

?tion from the com- 
pound tubular pyloric 
crypts. The secretion 
'^^'' ^ — of these duodenal 

--> ^ glands' is mucous and 
— ' 1 not serous, as shown 

by the investigations 
> - of Bensley. 

__ Thesolitary 

^ j ,^^^^ , glands are isolated 

'~'^' — — "~ lymph - follicles scat- 

B^^'i'^lZru"^'' "" '"u«ld'''nr-d'^-*'r.°'«"o( ^^''^^ through the 
muuie rf itroiH cKi entire intestine ; they 

are, however, most 
abundant in the lower part of the ileum and in the first portions of the 
lai^ intestine. They are situated primarily within the mucosa, al- 
though they frequently lie also within the submucous coat ; when well 




developed, they encroach upon the mucosa to such an extent that their 
inner pole slightly projects upon the free surface of the intestine. The 
lymphoid tissue is somewhat denser in the periphery of the fol- 
licle, beneath its limiting capsule, than towards the centre ; but the 



THE DIGESTIVE TRACT. 



173 



lymphoid cells are everywhere so closely packed thai the support- 
ing reticulum of connective tissue is masked. ' In the upper part of 
the duodenum numerous ill-defined masses of adenoid tissue occupy 
the mucosa between the follicles and represent the lenticular glanf^ 
of the stomach. 

The ^mixtated_£lands^ or Peyer's. patches, are large, oval 
groups of closely aggre^Ie"d lymph-follicles, held and blended to- 
gether by diffuse adenoid tissue. These patches vary in size and 
number, and are usually limited to the lower two-thirds of the small 
intestine, reaching their highest development in the ileum, where 
they may attain a length of 9-r r cm. ; between twenty and thirty 
patches generally are present, while they are relatively better devel- 
oped in young than in old subjects. 

The ^minated glands appear first within the mucosa, but later '- 
encroach largely upon the submucous tissue. The lymph -follicles 
of which these patches are composed become somewhat pyramidal, ■ 
owing to pressure, and lose much of their individuality, the demarca- 
tion into separate follicles being best preserved along the outer 




boundary, occupying the submucosa, within the mucosa the out- 
lines of the follicles being lost in the general adenoid mass. Where 
the summits of the follicles impinge against the inner layer of the 
mucosa, the positions of the follicles are indicated by corresponding 
elevations of the mucous surface, at which points the villi are fre- 
quently pushed aside and the gland-layer more or less completely 
interrupted. In the vermiform appendix of some animals, and 



'74 



7 - 



NORMAL HISTOLOSY; ' ^i',^ i-*'^'^'"^*^^ ^ 
in man, the/fofficlesTwin almost a continuous 
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in some cases 

zone of adenoid tissue. / 

The muscularis mucose^ like that of the stomach, occupies the 
deepest part of the mucosa and marks the outer boundary of the 
mucous layer. The muscular tissue comprises longitudinally- dis- 
posed bundles of muscle-cells, supplemented in some places by a 
more or less complete additional internal layer of circularly-placed 
cells. 

The submucosa of the intestmal wall corresponds to the similar 
coat of the stomach consisting of loosely united bundles of ilbro- 
elastic tissue which support 
the larger vascular and lym- 
phatic trunks as well as a rich 
nervous plexus 

The muscular coat con- 
sists of two well developed 
layers— the thicker inner cir- 
cular and the less robust 
outer longitudinal stratum. 
These are separated by a thin 
layer of connective tissue, 
which externally becomes 
continuous with the envel- 
oping areolar tissue and passes 
into the outer fibrous tuntc of 
the serosa. 

In parts of the large intes- 
tine — as the c^cum and the 
colon — the circular muscular 
coat is relatively thin, while 
the longitudinal layer is in- 
complete, the fibres of the lat- 
ter being collected into three 
flat bands, 10-15 ^nm.. wide ; 
these longitudinal bands are 
much shorter than the other 
Srcia''e"m^u^m^^^^rf7A!l!.c™''r^J'' '^y^"^ °f ^^ intestinal wall, 
eiiiniUr'u^iDngitudiiui iayci^of'muicie:/,fibn>ui which arrangement results in 
«ai. All iiK da* Hnu nprcMH i,i»d-v,,«i. filled ^^^ characteristic sacculation 

with th* injrclion mus. - , , . . . , 

of the large intestine. In the 
lower part of the rectum the circular muscular layer becomes thick- 
ened to form the internal anal sphincter, composed of involuntary 
muscle ; the bands of longitudinal fibres spread out, and towards the 
lower end of the rectum form a thick, uniform layer. 
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The blood-vessels supplying the intestines follow the general 
arrangement of those of the stomach. The larger vessels pierce the 
serous and muscular coats, giving off slender twigs to supply the 
tissues of these tunics ; upon reaching the submucosa the vessels 
form a wide-meshed net-work. Numerous branches then pass 
through the muscularis mucosae to be distributed to the deeper as 
well as to the more superficial parts of the mucosa; narrow capil- 
laries form net-works which surround the tubular glands, while be- 
neath the epithelium wider capillaries encircle the mouths of the 
follicles. From this superficial capillary net- work the veins arise and, 
passing between the follicles, join the deeper venous plexus, which 
in turn empties into the larger veins of the submucosa. 

In those parts of the intestine where villi exist, special additional 
arteries pass directly to the bases of the villi, where they expand into 
capillary net-works which run beneath the epithelium and around 
the central lacteal as far as the ends of the villi. These capillaries 
terminate in venous stems which descend almost perpendicularly 
into the mucosa, in their course receiving the superficial capillaries 
encircling the glandular ducts. Brunner's glands and the solitary 
and agminated follicles are supplied from the submucosa by vessels 
which terminate in capillary net-works distributed to the acini of the 
glands and to the interior of the lymph-follicles. 

The lymphatics of the intestinal tract are very abundant. They 
begin as blind canals, whose slightly-dilated ends lie within the mu- 
cosa between the tubular follicles ; in those parts of the intestine 
where villi exist, the centre of these projections is occupied by a 
lymphatic radicle, the chyle-vessel, or lacteal. All these vessels de- 
scend to join a rich plexus of lymphatic trunks situated within the 
deeper layers of the mucosa. Within the submucosa an addi- 
tional net-work of still larger channels exists, the two sets of vessels 
freely communicating through numerous anastomoses. The accumu- 
lations within these net-works are carried off by lymphatic trunks 
which pierce the muscle and pass off between the two layers of the 
peritoneum into the adjacent mesenteric glands, in their course 
taking up the vessels carrying the lymph collected from the mus- 
cular tissue. Many vessels of the submucous net-work, as well as 
the larger lymphatic trunks, are provided with valves, whose position 
is usually indicated by dilatations in the contour of the vessel. 

The nerves distributed to the intestines are arranged almost iden- 
tically as those of the stomach ; they are composed largely of non- 
medullated fibres, derived from the trunks which pass within the 
mesentery from the large abdominal sympathetic plexuses. After 
giving off branches to the serous coat, the nerves pierce the longitu- 
dinal muscular tunic to form the rich intramuscular plexus of Auer- 
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bach. This is composed of a rich net-work of delicate, pale fibres, 
at the nodal points of which microscopic ganglia exist ; after supply- 
ing the longitudinal and outer part of the circular muscular coats, the 
fibres obliquely pierce the latter tunic to gain the submucous tissue, 
where they form the plexus of Meissner, which closely resembles 
Auerbach's nervous net-work within the muscularis, possessing, how- 
ever, smaller ganglia and somewhat closer meshes. From the plexus 
of the submucous tunic fibres pass into the mucosa to form net-works 
about the glands and to send fibrillse into the villi. The ultimate 
distribution of these hbres must be regarded as still undetennined. 

THE LIVER. 
Although the liver in its development corresponds to a compound 
tubular gland, a type which is permanently retained in many lower 
Vertebrates, in the adult 
F'G 116 condition of the mam- 

malian organ this char- 
acter is largely masked 
in consequence of the 
fusion of the tubes in 
the formation of the 
cords of cells. 

The fibrous tissue 
enveloping the exterior 
of the liver is prolonged 
into the interior of the 
organ through the 
transverse fissure, in 
company with the 
blood-vessels and the 
bile -ducts, The de- 
marcation of the indi- 
vidual lobules depends upon the development of this interlobular 
connective tissue, known as the capsule of GUsson; when' well 
developed, as in the liver of the hog, the lobules are defined with 
great distinctness, being completely surrounded and separated from 
their neighbors by the connective tissue. In the human liver, on the 
contrary, the interlobular connective tissue is very scanty, this defici- 
ency producing poorly-defined lobules, the boundaries of which are 
scarcely indicated by the irregular areas of connective tissue occupy- 
ing the spaces between the approximated sur&ces of three or more 
hepatic lobules. 

The arrangement of the blood-vessels is so important in de- 
termining the general construction of the lobule that an early con- 
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^ttlTdefiufdby the imguiu anas nprcKaEiD£ ihe poorly -developed cjipfule of Gluson. 

sidetation of the vascular supply is necessary to an understanding of 
'he structure of the lobule. 

Theinterlobularveasels, situated Fig- 318. 

•^tWeen the lobules at their periphery, 
*fp continuations of those passing 
•"rough the transverse fissure ; they 
^e the portal vein, the hepatic ar- 
•^fy, and the bile-duct. 

The portal vein, the largest of 

"'^ interlobular vessels, gives off nu- 

"Jerous branches, which enter the 

'obiile at the periphery and break up 

^° twigs, forming a rich, freely anas- 

""osmg intralobular capillary 

"^t-work. The meshes of this net- 

^'^•t are somewhat elongated and 

Pezoidal in form, the smaller end 

, *oc spaces being directed towards 

^ centre of the lobule, an arrange- 

, ^'^t produced by the convergence of 

^ Capillary net-work to the centrally 

P^Ced intralobular vein, a branch 

the hepatic. 

"The meshes of this lobular capil- 
^ net-work are occupied by the ^uiri^' 




It peripbery of ibe lobule. 
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secreting hepatic tissue, comprising the Uver-cells, the bile-capil- 
laries, the minute channels through which the bile elaborated within 




the lobule is carried off, together with lymph -radicles and a very 
small amount of delicate areolar tissue. The liver-cells are irreg- 
ular polyhedral elements (17- 
25 It) in whose finely granular 
protoplasm, devoid of cell-mem- 
brane, one or more round nuclei 
lie embedded. Numerous oil- 
drops of various sizes, as well as 
pigment - granules, very com- 
monly are present within the 
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protoplasm, 
depend, as ii 



The variations in the apparent granularity of the cells 
other glands, upon the condition of functional activity 
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the nearer complete exhaustion, the less emphasized are the granules 
and the smaller and darker the cells. 

The meshes of the capillsry net-«rork are usually only suffi- 
ciendy wide to accommodate a few liver-cells in consequence of 
which arrangement almost every hepatic ele 
ment is bounded directly on at least one side Fio aaa 

by a capillary blood-vessel, a relation con 
ducive to free interchange between the blood 
and protoplasm of the cells. With few excep 
tions every liver-cell exhibits a slight con- 
cavity on one border, which denotes the 
position of contact and impression by the 
blood-vessels. 

In uninjected organs the hepatic tissue ap 
pears made up of irregular, branching, and 
anastomosing cords of cells, which form 

close net-works, the intervening clear clefts s« on of cam or lobuie of 
being the lumina of the blood-capillaries ''""'^ ''*^j,'th'°"^'ii"''" 
According to Disse's studies, the liver-cells yjconvns*, e. hepnuc mmt. 
do not lie immediately in contact with the 

capillaries, but are separated from the latter by delicate perivascu- 
lar lymphatic channels which envelop the blood-cap Ibnes 

In livers still retaining their primitive type of the tubular gland 
the bile-capillaries appear as minute 
ducts placed centrally within the cords 
of the hepatic cells, the biliary passages 
representing lumina of tubular aani 
Uned with secreting glandular epithr* 
lium. In man, however the liver cells 
are often bordered on all sides ex 
cept on that lying next the blood 
vessels, by thedelicatebilc canaliculi 
the latter never interposmg between 
the cells and the blood channek 

The bilc-capillaries,exist as narrow 
(l-2 /i) clefts between adjacent liver- 
cells, maintaining about the same 
diameter throughout the lobule ; at the periphery the intercellular 
channels pass into the larger, though still small, interlobular bile- 
ducts. The hepatic cells between which the bile-capillary takes its 
course become replaced at the periphery of the lobule by the low 
epithelium of the bile-duct, the basement-membrane present in the 
latter fading away into the delicate connective tissue holding together 
the cords of liver-cells. 
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The existence of a distinct independent wall to the bile 
has been the subject of much conflicting testimony ; ao 
some, these vessels 
Fig. 214. out distinct walls 

own, while other 
regard the existeno 
cate special wall co 
a homc^eneous st 
membrane as e 
The presence of 
membranous wall 5' 
tionable ; when it 
that the tule-capill 
represent lumina 
fied tubular glai 
seems to be no gre 
,.!'r'"'^"''"'V''r ""''"'' .^M™,^"™* sity for or probabi 

(#) h«K becD iiuected aqo appear u dark Uatt htOrttn . f 

itaeccii* r blood i;buuieL> existence of a mei 

limit the lumen of 

tubule than m the case of other glands. The direct t 

tion of the secretmg hepatic cells mto the epithelium o 

duct at the marg 

F c "s lobule further op 

assumpt on of sue 

membrane wh le e 

of 1 vers n wh ch 

lar type of the a 

ta ned fails to s 

structures w th n t 

of the tubes 

En erging from 
at the p r phery t 
the adjacent nterl 
nect ve t ssue the 
ducts empty nto 
ones wh ch bear th 
of the hepat c bl 
company. The int 
bile-vessels grai 
crease in size, ow 
n of the smaller tubes, until the larger trunk 
form the hepatic duct. While the walls of the smaller 
consist of columnar epithelium strengthened by fib 
nective tissue mixed with elastic fibres, those of the lar 
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comprise an outer fibrous adventitia and an inner mucous 
membrane. The latter, in addition to the columnar epithelium, 
consists of the tunica propria, containing 
many elastic fibres and some dehcate P'"' '^*- 

bundles of involuntary muscle, irregu- 
larly disposed as circular and longitudi- 
nal bundles. Small mucous glands also 
occur within the mucosa of the lai^er 
canals and of the hepatic duct. The inter- 
lobular bile-ducts may be distinguished 
from blood-vessels of the same size by 
their lining of columnar epithelium. 

The blood-vessels of the liver, as -^=.1;--^:; 

already described, are of primary impor- T™n.vcr»tKciionofi»igrbiitdon 
lance in determining the arrangement f°^n^m^uta^c^r''t,.'iii>oiIn^^ 
ofthehepatic tissue. The blood brought uwUniMue. 
by the interlobular branches of the portal 

vein passes into the lobule at the periphery by the numerous twigs ; 
these, on entering the lobule, form a closely anastomosing intra- 
lobular capillary net-work, which converges to a central intra- 
lobular vein. The central vessel is vertically placed with regard to 
the general plane of the capillary net-work, and empties into the ad- 
jacent sublobular veins, which are branches of the hepatic vein, 
')'ing within planes generally at right angles to those of the portal 
vessels. 

The hepatic artery has directly nothing to do with the elabora- 
tion of the especial products of the ot^an, its particular province 
wing to supply the blood for the nutrition of Glisson's capsule 
^d of the interlobular structures, including the blood-vessels and 
the bile-ducts. Minute arterial twigs are distributed to the walls of 
w«se lubes, where they end in delicate capillary net-works, which, 
"^ tuni, at the periphery of the lobule, pour their contents into the 
Wtralobuhr net-work of the portal vein. 

The lymphatics of the liver constitute a superficial and a deep 
^stem. The superficial lymphatics accompany the branches of 
•he arteries supplying the capsule, and form a close-meshed sub- 
serous net- work within the capsule. 

fhe interlobular blood-vessels are accompanied by numerous lym- 
phatics, whose ramifications and anastomoses constitute the deeper 
plexus. The presence of lymphatics within the parenchyma of the 

'ver is still a matter of dispute. According to Disse, the lym- 
phatic channels exist throughout the lobule as perivascular canals, 
^trounding the capillaries and separating them from direct contact 
*'th the secreting cells. 
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The main nerve-trunks of the liver enter at the transverse fissure 
in company with the blood-vessels and the lymphatics. The fibres 
consist largely of the non-medullated, together with a smaller number 
of the medullated variety. These nerves run within the interlobular 
connective tissue in company with the hepatic artery. They may 
be traced with certainty to the periphery of the lobule ; regarding 
the exact mode of their ultimate distribution, however, nothing is 
definitely known. Minute ganglia occur along the interlobular 
trunks. 

The gall-bladder, or bile-sac, possesses walls composed essen- 
tially of the same tissues as those of the larger bile-ducts, these consist- 
ing of a mucous membrane supplemented by oblique bands of invol- 
untary muscle and an outer fibrous coat. The mucosa is thrown 
into minute folds or nigse, which unite and interlace to form a net- 
work of ridges and give to the surface of the mucous membrane a 
reticulated appearance. 

The blood-vessels, the lymphatics, and the nerves form net-works 
within the mucosa, which usually terminate in the superficial or inner 
layers of the tunica propria. 

THE ACCESSORY DIGESTIVE GLANDS. 

These include the salivary glands — the parotid, the submaxillary, 
and the sublingual — ^and the pancreas. While in their quiescent, 
immature condition all are similar, after full functional development 
is attained the variation in the character of their secretions leads to 
the recognition of t^vo groups — the serous and the mucous sali- 
vary glands. Those of the serous type, regarded as the true sali- 
vary glands, are represented in man and mammals by the parotid 
gland and the pancreas. The mucous glands are well represented 
in man and many animals by the sublingual, although the presence 
of serous acini places this organ, strictly considered, within the cate- 
gory of the mixed glands. 

The muco-serous or mixed glands are exemplified by the sub- 
maxillary of man and many mammals (as apes, guinea-pig, etc.); 
in other animals (as dog or cat) this gland is entirely mucous, while 
in certain others (as the rabbit) it is a true serous gland. 

THE SALIVARY GLANDS. 

The parotid is a compound saccular or racemose gland, en- 
veloped in a general fibrous capsule from which stout connective- 
tissue septa penetrate the organ, dividing the gland into lobes. 
These latter are subdivided by fibrous partitions into numerous lob- 
ules, each of which, in turn, is composed of groups of the ultimate 
saccules or acini. 
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The lai^e excretory duct of the parotid gland, or Stenson's 
duct, contained within the interlobular connective tissue, is composed 
of a fibro-elastic tunica 

propria, lined by a simple Fic- ='7- 

low columnar epithe- 
lium, and strengthened 
externally by fibrous tissue. 
Passing into the smaller 
ducts, the salivary tubes, 
the cylindrical epithelium 
becomes slightly taller, and 
exhibits a distinct vertical 
radial striation in its outer 
zone. On entering the 
intralobular divisions of 
the ducts, or interme- 
diate tubes, the columnar 

epithelium is replaced by Seclion of hum.n pamtld glsrd, FThlbitinE gcncnl IT. 

low flattened cells, which ^uio*nBUTied"uM'^d"bioti"v™u''(^!l(*i'n™ 
finally pass into the dilated iohgi«r ducn. 
terminal compartments, be- 
coming directly continuous with the secreting cells lining the acini. 

The acini are limited by the basement-membrane, the prolonga- 
tion of that of the smaller ducts, and almost 
completely filled by the irregularly polyhedral f'c- '^■ 

glandular epithelium, the narrow intercellular ■_■,'- 

cleft which remains representing the commence- ; 
ment of the lumen of the system of ducts. 7 
The appearance of the cells of the acini varies *;- 
with the stages of secretion ; when quies- 
cent and filled with the serous secretion, the 
celb appear larger, clearer, and coarsely granu- s«ti™ of hunniD p«oiid 
lar, while after functional activity and in the ex- f^^: ^''t^u'tatniobniM 
hausted condition they are smaller, darker, and duct. 
finely granular, the threads of the protoplasm 

lying closely packed, and not, as when the gland is at rest, sepa- 
rated by the intervening particles of stored-up secretion. 

The sublingual gland possesses the general arrangement already 
considered in connection with the parotid gland, its peculiarity being 
the absence of the intermediate division of the duct, the intralobular 
or "mucous" tubes passing at once into the acini. 

The cells lining the saccules are encountered in all stages of secre- 
tion. During rest the majority are clear, being filled with homo- 
geneous viscid mucus. After the discharge of this secretion, fol- 




igx NORMAL HISTOLOGY. 

lowing prolonged activity, the cells appear smaller, dark and 
granular, and closely resemble the elements of the serous glands, 
since the mucoid substance separating the particles of the cell pro- 
toplasm has been removed, thereby allowing the displaced proto- 
plasmic granules once more to approach closely. 

Not all the cells in the acini are of the same nature, since quite 
usually small crescentic groups of granular cells lie immediately 
next the basement- membrane at the pe- 
FiG. 219. riphery of the acinus, where they have been 

crowded by the laiger mucus - filled ele- 
ments. These crescentic groups consti- 
tute the demilunes of Heidenhain or 
the crescents of Giannuzzi, which are 
aggregations of cells belonging to the 
serous type, similar to those of the parotid 
acini. The submaxillary is, therefore, a 
"«^' muco-serous or "mixed" gland. The ex- 
,i ut cretory tube of the sublingual gland, or the 
nnii (f, f) of gnouiK «ii- duct of Bartholin, consists principally of a 
deirjiunoof HcidtDhaJn. fibro-elastic tunica propria, within which is a 

single layer of low columnar cells, while out- 
side extends a supplementary layer of fibrous tissue. 

The submaxillary gland is a mixed gland, certain lobules being 
composed of acini of the serous type, while neighboring divisions 
contain those of the mucous variety. 

The excretory channel, or the duct of Wharton, resembles that 
of the parotid gland, dividing into the smaller tubes lined by striated 
"rod" epithelium, passing thence into the intermediate tubules, with 
low cuboidal cells, which lead into the serous acini filled with dark 
granular cells on the one hand, or into those filled with mucous cells 
and granular crescents on the other. 

The vascular supply of the salivary glands is very rich ; while 
the arrangement of the blood-vessels in the several glands presents 
unimportant differences, their distribution is according to the same 
general plan. 

The larger arteries accompany the excretory ducts of the glands 
within the interlobular fibrous septa, where they give off branches 
which pass between the lobules and later penetrate the tissue of the 
lobules to end in rich capillary net-works enclosing the acini. The 
capillaries lie immediately outside the basement- membrane in prox- 
imity to the secreting cells. The veins follow the general course 
taken by the arteries. 

The lymphatics are represented by indefinite interfascicular clefts 
between the acini, which are taken up by definite lymph-vessels 
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situated within the interlobular connective tissue, the larger trunks 
accompanying the main blood-vessels. 

The nerves distributed to the salivary glands constitute a rich 
supply, composed of both meduliated and pale fibres. From the 
larger trunks of the interlobular net-works, along the course of which 
minute ganglia occur, smaller branches enter the lobules and extend 
between the acini. Regarding the ultimate distribution of the many 
fibres passing to the glandular tissue little is definitely known, not- 
withstanding the laborious investigations undertaken with a view 
to solve this difficult problem. The nerve-fibres may be traced to 
the basement -membrane of the acini, around which net-works are 
formed ; as to the further fate of the fibrillae, however, little can be 
regarded as proved. While an intimate relation between the nerves 
and the secreting cells may be assumed as undoubtedly existing, no 
direct continuity between these structures has been established, not- 
withstanding the already -published assertions and elaborate descrip- 
tions of such connections. 

THE PANCREAS, 

The pancreas is, as aptly described by its German name, " Bauch- 
speicheldriise," the abdominal salivary gland, belonging to the 
serous type, and closely corresponding 
in structure and in the nature of 'is secre T c 330 

tion to the jarot id gland 

The connective -tissue framework of 
the organ divides the glandular t ssue nto 
lobes, which are subd v ded by septa nto 
the lobules, these, n turn be ng com 
posed of groups of ac n The lam nated 
fibrous connective t ssue const tut ng the 
walls of the pancreat c duct s clothed by 
a single layer of columnar epithelium 
The branches of the nan duct d v de at s« h ma pu n m 
once into the long intermediate tubules ui'^'°''tl^ ," '«" ""nui^ 
the intralobular ducts, or salivary tubes, and.penpiwnii desnont. 
being wanting ; it follows that the vertical 

striation of the epithelium lining these tubes, so conspicuous in sections 
of the parotid gland, is absent in the pancreas. 

The cylindrical cells of the larger ducts gradually pass into the 
lower cuboidai and flattened plates lining the intermediate tubules. 
The acini of the pancreas are more tubular than those of the parotid 
gland, while the secreting cells suggest more strongly the cylin- 
drical or pyramidal type than those of the salivary gland ; these 
cells are farther characterized by the presence of a zone, next the 
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lumen of the acinus, containing numbers of highly refracting par- 
ticles, while the peripheral outer half of the cells contains the nucleus 
and is comparatively free from the granules. The relations, how- 
ever, between the clear and granular zones of the pancreatic cells are 
not constant, but vary with the condition of functional activity. 
During the earliest stages of digestion, when the cells are tilled 
with secretion, the granules occupy almost the entire cell, the clear 
zone being confined to a narrow belt most removed from the lumen ; 
towards the close of a period of functional activity, on the contrary, 
the granules occupy the smaller part of the cell, while the clear 
zone is expanded to a broad peripheral area ; during fasting the 
dear and the granular zones about equally divide the cells. 

On examining sections of pancreas under low amplification, certain 
round or oval areas appear lighter and less dense than the ordinary 
tissue of the organ. These peculiar 
Fio, iji. ^ areas, the bodies of Langerhans 

^ or interlobular masses, seem to 

be composed of groups of small, 
imperfectly-developed acini, among 
and about which ramify rich capil- 
lary net- works, whose frequently 
tortuous course and lobulated ar- 
rangement recall somewhat the 
glomeruli of the kidney. These 
areas possibly represent groups of 
special cells concerned in the elabo- 
ration of some particular pancreatic 
fcnnent, 

!h,*™™ It' "^ """"" '^"^ '°"' ' '^^^ blood-vessels of the pan- 
creas are distributed very similarly 
to those of the salivary glands. The larger arterial branches run 
within the interlobular connective tissue, sending off vessels which 
pass between the lobules and supply the glandular parenchyma with 
twigs. These latter enter the lobules and form net-works which en- 
close the individual acini within the capillary reticulum. The capil- 
laries lie beneath the basement-membrane in close relation with the 
glandular epithelium. The veins accompany the arterial trunks within 
the connective tissue. 

The lymphatic vessels also accompany the arteries, lying be- 
tween the lobules and receiving as tributaries the lymph -radicles 
originating within the lobule between the acini. The larger nerve- 
trunks are confined to the connective tissue between the divisions 
of the gland, in which situation many accompanying microscopic 
ganglia also are found. The ultimate termination of the nerve-fibres, 
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as in the case of the salivary glands, is still undetermined; the 
fibrillae are traceable to the basement-membrane of the acini, but 
their further accurate disposition remains undecided. 

The development of the digestive tract and its appendages in- 
volves all three blastodermic layers, the mesoderm and the ento- 
derm, however, being the ones participating to the greatest extent. 
The epithelium of the mucous membrane, together with that of the 
glandular structures connected therewith, is the direct derivative of 
the entoderm, with the exception of that lining the oral cavity ante- 
rior to the fauces and the salivary and oral glands, the epithelium of 
which parts originates from the ectodermic invagination. For a short 
distance within the anus, likewise, the ectoderm contributes the cells 
lining the gut. As already pointed out, the enamel and the dentine 
are also products respectively of the ectoderm and of the mesoderm. 
The formation of the gut-tract consists essentially of a process 
of folding off and closing 

together of the ventral body- Fig. 232. 

plates, which are composed 
of the entoderm united with 
the visceral layer of the meso- 
derm. The tube thus formed 
begins in the cephalic region 
of the embryo as a blind, 
somewhat dilated pouch, the 
primitive pharynx, which 

Ebr a short time is separated Transverse section of nine-day rabbit embryo, show- 

g. m . « ing formation of primitive gut (g) by approximation of 

Irom the primary oral recess, ventral plates composed of viscend layers of mesoderm 

or StOmodseum, by a parti- »*><* entoderm (#); m, m, body-cavity bounded by 

^«_ « ^^11^ parietal and visceral sheets of mesoderm; n» neural 

tion, the pharyngeal plate, ^| 
consisting of the opposed 

ectoderm and entoderm ; after the rupture of this plate the gut-tract 
communicates directlywith the exterior through the oral cavity. A 
somewhat similar process takes place at the lower part of the primitive 
digestive tube, whereby the anus becomes established. For a con- 
siderable time the gut communicates with the cavity of the umbilical 
vesicle through its duct. The several divisions of the primary diges- 
tive tube, its wall consisting of epithelial lining and supplementary 
mesodermic tissue, undergo differentiation and acquire distinctive 
characters, which, however, depend largely upon the differentiation 
of the embryonal epithelial layer. 

The division of the tube into particular regions begins with the 
stomach, which as early as the fourth week in the human embryo 
is distinguishable as a spindle-shaped enlargement. With the sub- 
sequent rapid increase in the size of the organ, the tissues constituting 
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its walls also become augmented by many new elements, the meso- 
dermic cells differentiating into a narrow looser zone next the ento- 
derm, which later becomes the submu- 
FiG. 333. cosa, and a broader, more compact 

stratum, representing the future mus- 
cular tunic. The entodermic cells, at 
first arranged as a single layer, soon 
undergo local proliferation, the resulting 
groups of cells disposing themselves as 
minute cylindrical masses, which are 
the earliest traces of the peptic glands. 
These increase in length and later en- 
croach upon the underlying mesoderm. 
In the young gland six to eight tubular 
divisions communicate with a single 
duct, but as development advances the 
ducts divide, with a corresponding dimi- 
nution in the number of terminal com- 
partments connected with each. The 
pyloric glands appear about the same 
time as do the peptic, or at about the 
^i^oi tenth week of fcetal life, the cells ac- 
'rf''h' Quiring their characteristic form and 
odenn' appcanince during the later stages. At 
loderm first and during a considerable period 
^ ^._ the cells lining the peptic glands are 
arterial and voiou. fcgaicnu of young all of the same variety ; later certain 
t|^'wi4!itn'n.i^l!.u«,.ii,"«ir"' elements become distinguished by the 
accumulation of coarse granules within 
their protoplasm ; these constitute the acid or parietal cells, usually 
appearing towards the close of the fourth month of foetal life. 

The intestinal divisions of the primitive gut also depend for 
their distinctive characters on the differentiation of the entodermic 
epithelium and of the adjoining mesoderm, which together constitute 
the mucosa. The villi, distinguishable by the tenth week, are at 
first relatively short and thick and less numerous than later, when 
additional projections are developed. It is of interest to note that 
in the early stages villi appear in both the large and the small intes- 
tine, these structures subsequently atrophying and disappearing in 
the laige gut while they increase in size and importance in the re- 
maining parts of the tube. Coincidently with the formation of the 
villi the entodermic epithelium sends outgrowths into the mesoderm 
between the villous projections ; these, at first solid, cylinders repre- 
sent the early stages of the simple tubular glands ; with the gen- 
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eral increase in the thickness of the young mucosa these structures 
lengthen and obtain their lumen. The louver ends of the glands 
throughout the period of their growth are the seats of active cell 
proliferation and the points at which the division of their fundi com- 
mences in the production of the compound tubules. The endothe- 
lium covering the serous surfaces of the intestinal tract is the direct 
descendant of the differentiated mesoderm, the mesothelium, lining 
the body-cavity. 

The development of the accessory glands of the digestive 
tube, including the liver, the pancreas, and the salivary glands, 
follows the same general plan. The epithelial covering of the 
primitive mucous membrane sends cylindrical masses of entodermic 
or ectodermic elements, as the case may be, into the surrounding 
mesoderm ; the originally single cord of cells very soon undergoes 
division, a richly-branched system of epithelial tubes early represent- 
ing the future gland. The liver originates as a ventral outgrowth 
of the intestinal epithelium into the septum transversum ; very soon 
this branches, the t^vo hepatic diverticula following so closely 
upon the stage of the single outgrowth that the latter is sometimes 
overlooked. The avails of the distal ends of the diverticula soon 
become greatly thickened, which areas of entodermic epithelium 
represent the earliest traces of the hepatic tissue. Regarding the 
details of the further stages in the growth of the more complicated 
livers opinions do not agree ; it is probable, however, that the 
hepatic cords of the mammalian organ are attributable to the same 
general plan of development as are other tubular glands, the com- 
plicated arrangement of the secreting tissue resulting from incomplete 
separation and subsequent fusion of the cell-cords. The invasion of 
the epithelial areas by the blood-vessels breaks up the entodermic 
tissue into the cell-nests which occupy the intercapillary spaces. 
Two forms of liver- cells are present during the greater part of 
foetal life, large polyhedral elements, and small round cells, the latter 
disappearing shortly after birth ; the relation between the two varieties 
is not clearly established, but the small cells are probably younger 
stages of the larger. Multinucleated cells of considerable size 
also occur, within the blood-vessels of the embryonal liver ; these are 
probably connected with the development of red blood-corpuscles 
before birth. The lining of the bile-vessels and of the interlobular 
bile-ducts, together with the hepatic cells, is a derivative from the 
entoderm, while the connective tissue and blood-vessels, as well as 
the tissues of the walls of the bile-vessels other than the epithelial 
lining, are contributions from the mesoderm. 

The pancreas appears as three diverticula, one dorsal and two 
ventral, which extend from the duodenum into the primitive mesen- 
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tery. The organ first lies parallel to the sagittal axis of the body, 
afterwards changing its position so as to lie transversely, resulting in 
the approximation and subsequent fusion of the originally distinct 
rudiments as well as the ducts. The presence of more than one pan- 
creatic duct in certain animals is explained by the persistence of the 
embryonal condition. The tubular acini of the organ are developed 
in a manner similar to that in which those of the other salivary 
glands are formed : the cylinders of entodermic cells send off 
branches, which, in turn, give rise to secondary buds, the lumen of 
the original diverticulum extending into the terminal compartments 
of the gland. The ingrowth of the surrounding mesoderm establishes 
the division into lobules and supplies the interlobular connective 
tissue. 
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THE KIDNEY. 



Iney b a highly developed compound tubular gland, com- 
lyramidal lobules which correspond m Jiiumber with the 
lie and thepnmary pyram ds m tj* adulti how^ver^^tJiew i 
s is lost, since 
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next the 

lents a num 

ninences or 

whose aptces 
u^e terminal 
tubules or 
ducts. Each 
Ua is the cul- 
oint of a sys- 
Jing and sub- 
ibules, which 

form a pyramidal mass, the base of which corresponds 
ace of the organ, while its apex is the papilla. These 
tracts constitute the lobules of which the kidney is com- 
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posed. In the adult human organ all traces of such divisi 
usually disappeared ; during foetal life, however, the lobule 
tinctly seen, a condition which is permanently retained in 
the lower animals, t-*-. m^V.*.- fi^'-^.'^. ■< ■ '' 

The mcdtfllk is occupied by 8-18 striated conical R^b 
pyramids, the apices of which correspond to the papillae, » 
bases occupy the line of juncture between the cortex and th( 
Each pyramid 
^^ Fic 235 alternating light 

stnEE these 
being respecti 
unmferous tub 
the blood- vesst 
masses of the ( 
tendmg betweer 
of the Malpigh 
n ids 3i> far as I 
con titute the ■ 
of Berlin, and 
ersed by the lar 
vessels. 

At certain poi 
their bases the St 
Malpighian pyr 
continued into t 
^-ii.'RayiMviiiuif'-v" ^^ slender, tape 

niwIwIljfrllJilil ' dies of parallel 

^ttllRir which form the 

*"" — 111™ ™-' ■■"1™ ■ lary rays, or p 

of Ferrcin. 
penetration of t 
dies the cortej 
divided into tl 
ullary rays 
labyrinth, the 
propriately so r 
account of the great tortuosity of the component uriniferou: 
The dark-red points irregularly studded over the labyrinth 
the position of the Malpighian bodies. In sections p 
the free surface the medullary rays appear as groups of tul 
rounded by the labyrinth on all sides. 

The blood-vessels of the labyrinth are enveloped in ci 
tissue, which latter represents the interlobular tissue 
glands and the boundaries of the primary lobules. The 
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parenchyma of the oi^n is held in place by the interstitial con- 
nective tissue ; this is present between the tubules in most parts of 
the kidney in very small quantities, — the immediate vicinity of the 

' Malpighian bodies and the papillary region of the medulla being 
exceptions, since considerable amounts of the interstitial tissue are 
present in these localities. The connective tissue of the kidney be- 
comes condensed at the periphery of the oi^jan, where it forms a 
Gbroas investment, over which, in addition, the special capsule 
extends. 

The Malpighian bodies are situated exclusively within the cortex, 
and are limited to the labyrinth. They consist of two parts— a 
spherical mass of convo- 
luted capillary blood-ves- 
sels, the glomerulus, or 
the Ualpighian tuft, and 
the surrounding expanded 
nttremilyoflheuriniferous , 
tubule, the capsule of t 
Bowman. The glomer- 
ulus is supplied by an 
sftrent artery, wh ch 
u'vicJes into several 
"ranches; each of these 
'"^eaks up into numerous 
'^Pillaries, which are . 
"I'ted by delicate con 
"ective tissue into groups 
^' lobules. The bood 

5**^pes from the convo 
1'ed capillaries of he 

^^OiOerulus by the effer 

■"* vessel, which passes 

'"^ by the side of the en 

^^^g artery. 
T^he glomerulus, as 
'^^Uy seen in sections, 

"■^nis to lie within the 

*Psule, the blood-vessels having apparently pierced the latter to 

^•^ entrance. The vessels, however, really are outside the cavity 
the capsule, since one surface of this structure has been pushed in 

^*Ore.the advancing tuft during its development. The masses of 

'-'Hvoluted capillaries are closely invested by the reflected portion 

the capsule, which likewise dips in between the vascular lobules 

* the glomerulus. The invaginated portion becomes continuous 
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r layer of the capsule at the stalk of the glomerulus, at 
he vessels and the capsule are intimately united. 
iferous tubule begins within the labyrinth as the 
le of Bowman. A greatly constricted neck, situated 
>f the Malpighian body opposite the position of the 
, leads into the first or proximal convoluted tubule, 
icterized by its considerable size and tortuous course, 
labyrinth, to which it has thus far been confined, the 

the medullary ray and passes towards the medulla as 
avy spiral portion ; on reaching the medulla a marked 
I the size of the tubule takes place, the reduced tube 
he medulla as far as the papillary zone as the descend- 
Eienle's loop, the narrowest part of the entire urinifer- 

The spiral tubule is practically the beginning of the 
mb of Henle's loop, and takes the place of this arm in 
Y ray, into the constitution of which, strictly regarded, 
iter. 

reaching the loop itself the tubule becomes slightly 
ing a diameter which is retained throughout the loop 
iding limb ; on again reaching the cortex, the ascend- 
ers the medullary ray as its second constituent until it 
ters the labyrinth, to become, for a short distance, the 
irregular tubule. The succeeding second or distal 
portion resembles very closely the proximal part of 
)ssessing a similar size and tortuous course. The uri- 
le finally leaves the labyrinth as the arched collecting 
ter, for the third time, the medullary ray as the straight 
ibe. In consequence of the frequent union of canals of 
the collecting tubes rapidly increase in diameter as they 
neduUa, until, in the papillary layer, the narrow tubules 
the large excretory ducts, or tubes of Bellini, whose 
le free surface of the papillae are recognizable by the 
A certain number of tubules probably do not form 
lie, but pass directly to become the collecting canals 

bregoing it will be seen that the 

' Malpighian bodies — glomeruli and cap- 
sules ; 

Constricted necks of tubules ; 

Proximal convoluted tubules ; 

Irregular tubules ; 

Distal convoluted tubules ; 
^ Arched collecting tubules. 
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Medullary ray contains : - 



Medulla contains : 



Spiral tubules ; 

Ends of arched coUecting tuinU^^'. 

Straight collecting tubules. 

Descending limbs of Henle's leH>p!: 

The loops ; 

Ascending limbs of the loops ; 

Collecting tubules of all sizes. 



While the labyrinth is characterized by the irregular and tortuous 
course of its tubules, the medullary ray and the medulla are di^ 
tinguished by the longitudinal, generally parallel arrangement of theif 
components. 

The wrall of all parts of the tubule consists of the basement-mem- 
brane and the lining epithelium ; the variations in the chaiaaer t>l 
the latter are so numerous that it is desirable to consider each poitio" 
of the tubule in detail 

I. The capsule, the expanded and invaginated blind termination 
of theuriniferous tubule, is lined with a single layer of large, flatten ^» 
epithelium, resembling endothelial plates. This covers, liltewi^*« 
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the portion reflected over the glomerulus. In ordinary preparati -^^^-^^^i 
the presence of the cells is indicated by the delicate spindle na ^^| 
seen in profile; the numerous nuclei seen within the tissues of "^^ 
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-Jude those of the walls of the blood-vessels and of the 
le, as well as those of the capsular epithelium. 
sck the flattened epithelium abruptly becomes cuboidal 
>sumes the character of the lining of the convoluted 
existence of ciliated epithelium at the neck or within 
:he mammalian kidney has been asserted, but not satis- 
ished ; in many of the lower animals, however, as in 
i, the presence of cilia is readily demonstrated, as is like- 
ice of tubules opening directly into the peritoneal cavity. 
-shaped orifices — the nephrostomata — represent a 
■nee of the primitive type of excretory organ, in which 
ss directly from the body-cavity to the outer surface, 
tximal convoluted tubule is clothed with low co- 
wtdat cells, whose granularity and transparency vary 
of secretion, as do likewise the thickness of the epi- 
le size of the lumen of the canal. The outer zone of 





,, next the basement-membrane, presents more or less 
nlical striation distinguishing rod -epithelium. The 
f the individual cells is not sharply marked, their 
ng indistinctly defined. 

Iielium of the spiral tubule closely resembles that of 
portion, consisting of similar low columnar elements 
nular protoplasm but less marked strlations. 
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5. The conspicuous diminution in diameter which marks t 
S£^e of the spiral tubule into the descending limb of Henle' 
is accompanied by a change in the character of the lining epitl 
The low columnar cells are replaced by flattened, transparent 
whose nuclei, thicker than the bodies of the cells, encroach u| 
lumen of the tubule as minute spindle-shaped projections ; si 
latter are situated often on opposite sides of the tube, its lu 
section appears as a wavy channel. 

6. Shortly before reaching the loop, at a point within 1 
scending limb corresponding with the increased diameter 
tubule, the epitheUum becomes polyhedral, possessing fl 
nuclei and &int striations ; the lumen is distinct in this 

although 






narrow, 
character is retained 
epithelium through* 
loop and the asci 
limb as far as the si 
ing portion of the tu 

7. The irregular 
is distinguished by it 
and uncertain lumt 
its distinctly striat* 
thelium ; the thickt 
the latter and, 
quently, the size 
canal vary with th< 
ditions of secretion. 

8. The lining of tl 
tal convoluted 1 
resembles that of the 
mal, the epithelium 
granular, indistinctl) 
rated into individua 
and presenting a s 

Henii'iiDDpi; (.jDajHafHenic; p, biood-vcsKii. outer zone; the lun 

the canal depends I 
upon the thickness of the lining cells, which changes with thi 
lional activity of the secretory elements. 

9. The succeeding segment, the arched collecting tubult 
tains low cuboidal, transparent cells, which, with slight alte 
become the epithelium of the straight collecting tubule. 

10. Passing into the medulla, the cells of the collecting tu 
become markedly columnar, which form they reUin with incr 
distinctness throughout the remainder of their course. The 
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excretory ducts or tubes of Bellim m the papillary region 

present a beautiful example of simple columnar epithelium m the 

tall, transparent and clearly-defined cells with which they are lined. 

These cells the largest epi 

theiial elements within the Fig 14 

kidney, are defined from 

one another with great dis 

tinctness, and possess oval 

nuclei situated somewhat 

nearer their outer bound 

aries. 

The blood vessels with 
in the kidney are very plen 
tiiuL The renal artery 
entering at the hilum passes 
through the smus withm 
the submucous tissue which 
**<^cupies the space between 
the wall of the pelvis and 
"ic neighboring paren 
*^hyma; dunng its course ino. tkk fpa iiir> ng imdii fhu- 
firough the sinus several "bui^'^/ " " X'T^ ^d .IJ."^, bib. J 
*"^1 twigs are given off for »«!(■• loopt; t. biood-vcKij. 
'"e nutrition of the struc- 
tures in the immediate vicinity. Before entering the glandular tissue 
the renal artery breaks up into a number of large branches, which 
''Averse the parenchyma through oblique channels within the inter- 
Pyramidal tracts, or columns of Bertin, to gain a position at the 
juncture of the cortex and medulla corresponding to the bases 
**f the Malpighian pyramids. At this point they bend sharply to 
form a series of horizontal arches, (i-om which two sets of vessels 
spring — the ascending interlobular cortical arteries and the 
*rterise rectse of the medulla. 

The straight cortical branches, passing towards the free surface 
•^f the organ, give off short, curved lateral twigs to supply the affer- 
ent vessels of the glomeruli. These branches divide into groups 
^•^ lobules of convoluted capillaries ; the latter, in turn, join to form 
J"e slighdy smaller efferent vessels, which carry off the still arterial 
Wood from the Malpighian bodies. The efferent vessels soon break 
J^P into capillary net-wrorks which surround the tubules of the 
~''*yiin[h and the medullary ray. These net-works are taken up by 
7*^ interlobular veins which accompany the arteries, and pass to 
*^ pelvis, where they aid in forming the large renal veins. The 
''*^s«ls collecting the blood from the peripheral zone of the cortex 
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converge to certain points, where they form the vena stel 
these veins afterwards pass into the labyrinth and follow the 
lobular vessels. 

The arteries s 
ing the medulla 
as straight vessel 
arteriee rects, 
undergo repeated 
ion to form rich 
lobular net -works 
ing as far as the p 
where the orifices 
excretory ducts a 
rounded by capi 
The blood with 
medulla is collec 
the vena recta, 
accompany the 
sponding arteri( 
empty into the 
veins situated i 
juncture of the 
and the medulla, 
large venous 1 
pass obliquely t1 
the medulla, alon 
the arteries, to re; 
pelvis, where tht 
with their fellows 
the renal veins. 
"'*"""'■'"""<*' The lymphat 

the kidney are arranged as tvro sets of vessels ; a superfici 
tem ramifies within the deeper layers of the capsule, while a 
of deeper channels passes in company with the blood-vess 
the interior of the organ to communicate with the numerot 
phatic clefts and spaces which exist within the intertubular con 
tissue. 

Regarding the ultimate distribution of the nerves of the 1 
little is known with certainty beyond the fact that they en 
parenchyma in company with the blood-vessels, around whi( 
form net-works of non-medullated fibres; the nerve-fibres hai 
traced between the tubules, where they form meshes immc 
outside the membrana propria. The ultimate distribution 
&brillie and their relations to the secreting cells are still uncer 
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THE RENAL SINUS AND THE URETER. 

The greater part of the renal sinus is occupied by the dilated, 
pouch-tike expansion of the upper extremity of the excretory duct 
of the kidney, the ureter, embracing the pelvis and its subdivisions, 
the calices, and the infundibula. These cavities, together with the 
protruding portions of the renal papillx, are invested by a membra- 
nous structure consisting of three coats, the mucous, the muscu- 
lar, and the fibrous. The mucous coat is covered with stratified 
squamous epithelium, which comprises relatively few layers of cells, 
and is frequently termed "transitional," in view of the rapid change 

Fig 344 




from the columnar elements of the deep layer to the squamous ones 
of the superficial stratum. The tunica propria, or stroma of the 
mucous membrane, consists of a felt-work of fibro-elastic bundles, 
contains probably no well-defined glands, and passes insensibly into 
the inconspicuous submucous tissue. The muscular coat is 
arranged as an inner longitudinal and an outer circular layer 
composed of bundles of involuntary muscle cells. On the papillae 
the circular bundles are especially well developed, enclosing the renal 
tissue somewhat as a sphincter. The outer fibrous coat consists of 
irregularly -placed bundles of connective tissue, which connect the 
.'i^an with the surrounding structures. The walls of the ureter 
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proper conuin the same layers that are found in the pelvic portion 
of the tube ; the muscular tunic, however, is somewhat better de- 
veloped, and in the lower part of the ureter is augmented by an addi- 
tional imperfect external longitudinal layer, although the latter is 
represented in places by only a few scattered bundles of non-striped 
muscle. 

THE URINARY BLADDER. 
The bladder is composed of the same coats that are found in 
the ureter, the mucous, the muscular, and the fibrous, tc^^ether 
with the serous surface in those parts of the organ which possess 
a peritoneal covermg The epithelium of the bladder corresponds 
to that lining the ureter and 
i- A the renal pelvis, being of the 

stratified squamous " transi- 
tional" type. The mucous 
membrane at the base of the 
bladder contains occasional 
small glands; minute lymph- 
A follicles are also found within 

"- the mucosa. The involun- 

^ tary muscle is arranged in 

f three general layers, an in- 

f ner and an outer longitu- 

V dinal enclosing a middle 

circular stratum ; the bun- 
^ dies composing these tunics 

p are, however, so irregularly 

disposed that the layers are 
very imperfectly defined. At 
the base of the organ the inner 
longitudinal muscular bundles 
increase in size, while those of 
the augmented circular layer 
constitute the internal vesical 
sphincter. 
The blood-vessels of the 
co^nng h '' d"" 'h" It"™" ra"^T ubmu ™ uretcT and the bladder sup- 
uuuc , I, d. uicguinriy-diipoicd circular ud loDgi- ply the muscular and mucous 

l^^'.^''.^''™^''™""^'"''"""''*''''*'"™"''' "^^^ *'*'^ "*^*' capillary net- 
works, the one situated within 
the mucosa of the bladder being especially rich. The lymphatics 
have much the same distribution as have the blood-vessels, net- 
works being found within the deeper layers of the mucosa, as well as 
more sparingly within the muscular tissue. The nerves supplying 
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the ureter and the bladder are largely composed of sympathetic fila- 
ments comprising both meduUated and non-meduUated fibres. The 
fibres pass into the mucosa as far as the epithelium ; but whether 
they penetrate between the epithelial cells is still undetermined. 
Numbers of microscopic ganglia are situated along the course of 
the nerves of the bladder, this organ affording in smaller animals a 
favorable situation for studying ganglion-cells and nerve-fibres, as ^^ 

well as involuntary muscle cells. ' I / tA^-^V^ /$< ' ' ^' 

THE URETHRA. ^1 ^ ^ 

The urethra, both male and female, consists of a mucous coat, 
strengthened by a variable muscular tunic and by fibrous tissue. 

The female urethra is lined throughout by a stratified squa- 
mous epithelium, which rests upon a basement-membrane cover- 
ing the numerous small papillae with which the surface of the tunica 
propria is beset. These papillae are especially plentiful and well 
developed near the termination of the canal, in the vicinity of the 
meatus. The tunica propria, or stroma of the mucosa, is composed 
of interwoven bundles of fibrous and elastic fibres, the superficial 
layers of which, particularly in the vicinity of the internal orifice, are 
infiltrated with lymphoid cells. Small tubular glands are sparingly 
present. The muscular tunic is well developed and arranged 
as an inner longitudinal and an outer circular layer of non- 
striped muscle. The intermuscular connective-tissue lamellae contain 
many elastic fibres. 

The male urethra is lined with epithelium, the character of which 
varies in the different portions of the canal. In the prostatic part 
the epithelium resembles that lining the bladder, being of the transi- 
tional variety ; this passes gradually into the stratified columnar 
type of the investment of the membranous part, which in turn 
gives place to a single layer of simple columnar cells in the penile 
portion. The fossa navicularis is lined with stratified squamous 
epithelium continuous with that covering the glans. In places 
the tunica propria bears papillae, which are particularly well devel- 
oped within the navicular fossa. The small tubular glands of 
Littr£ are found through the entire urethra. Inner longitudinal 
and outer circular bundles of non-striped muscle surround the pros- 
tatic portion, extending over the membranous part to be lost on the 
spongy. In addition, the fibres of the compressor urethrae muscle 
contribute a distinct muscular investment for the membranous por- 
tion, which fades away at either border over the penile and prostatic 
segments. The anterior part of the penile division is destitute of 
muscular tissue. Outside of the muscular layer a variable fibrous 
tunic gives additional firmness and strength to the canal. The walls 
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of the urethra are liberally supplied with blood-vessels, which form 
rich venous net-works beneath the epithelium. The larger lym- 
phatics lie in the submucosa, where they receive the radicles accom- 
panying the blood-vessels within the mucosa. The nerves which 
bear the blood-vessels company find their endings within the super- 
ficial sub-epithelial layer of the mucosa. 

The Development of the Urinary Organs. In tracing the 
history of the formation of these structures the genesis of three 
distinct divisions must be considered — the development of the 
kidney and ureter, that of the bladder, and that of the urethra. 

The permanent kidney is preceded in the embryo by an important 
although transient excretory organ, the Wolffian body ; the prod- 
ucts of this organ are carried off and emptied into the primitive intes- 
tinal canal by its excretory tube, the Wolffian duct. All parts of 
the Wolffian body and the duct consist of mesodermic tissue alone, 
these structures arising essentially as outgrowths from the primitive 
peritoneal lining into the surrounding mesoderm. The mesothelial 
evaginations so originating constitute the primary tubules of the 
Wolffian body, from which numerous secondary canals are derived ; 
the subsequent development of blood-vessels in intimate relation 
with the tubules produces the primitive Mal- 
FiG, 146, pighian corpuscles of the fatal organ. 

The first step in the development of the 
kidney consists in a dorsal outgrowth from 
the Wolffian duct near its cloacal end ; this diver- 
ticulum grows forward and parallel with the 
Wolffian duct until its extremity reaches a 
position behind and somewhat above the caudal 
end of the Wolffian body. The primary kidney- 
tube now expands at its upper end, the dilated 
portion subsequently undergoing peripheral 
cleavage into a number of tubular compart- 
ments. Coincidently with the growth and dif- 
ferentiation of the epithelial evagination from 
the Wolffian duct, the mesodermic tissue into 
which the expanded extremity of the diverticu- 
SugiiuiKciJonofekvm- lum makcs its way becomes greatly condensed. 
^'' ™i^«i"na^"'or"dfr '^^^ fundamental structures in the development 
■Fiopowni or kidney ai of thc kidney and the ureter are now distinctly 
oiiigrowth(*)(n>inWoiffiin (Jefitiej. The uarrow, elongated portion of the 
mooitcnn {m). outgrowth from the Wolffian duct becomes the 

epithelial lining of the ureter, while the ex- 
panded terminal part forms that of the pelvis and of the urinifer- 
ous tubules. The connective and vascular tissues are derived Irom 
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the surrounding mesoderm, the epithelium of the kidney and of its 
duct alone being the immediate product of the evagination. The 
formation of the collecting tubes and the uriniferous tubules fol- 
lows the division and subdivision of the compartments into which the 
primitive pelvis and calices separate, the entire elaborate system of 
tubules resulting from the extension and branching of the primary 
canals. The surrounding mesodermic tissue early difTerentiates a 
limiting zone or primitive capsule, which defines the form of the 
developing kidney and opposes the growth of the tubules in a straight 
direction, thereby inducing the marked tortuosity accompanying the 
subsequent increase in the length 
of the uriniferous canals. The in- Fig. 148. 

vagination of the termination of the 
tubule and the simultaneous devel- 








opment of groups of capillary blood-vessels in intimate relation with 
them give origin to the characteristic Malpighian bodies. The 
epithelium of all parts of the uriniferous tubules, of the renal 
pelvis, and of the ureter is derived directly from the outgrowth 
from the Wolffian duct ; the interstitial connective tissue, the 
blood-vesseb, and other structures are contributed by the surround- 
ing condensed mesoderm. Since, as has been already stated, the 
entire Wolffian body, including its duct, is a product of the meso- 
derm, the epithelial evagination and its derivatives must be referred 
likewise to the middle blastodermic layer, all parts of the urinary 
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trcLct as far as, btit not including, the bladder being, therefore, of 
mesodemiic origin. 

The development of the urinary bladder is connected with the 
history of the allantois. The latter grows out of the hind gut as a 
diverticulum which reaches conspicuous dimensions, in many embryos 
appearing as a large, flask-shaped sac; in man, however, the allan- 
tois is never free, but grows as a stalk in close relations with the other 
structures passing through the umbilical opening. The portion of 
the allantoic canal lying within the embryo becomes differentiated 
into three divisions : the much larger middle segment gready 
dilates and essentially constitutes the bladder ; the outer division , 
extending from the bladder to the umbilicus, forms the atrophic 
urachus, while the narrow inner portion establishes communi- 
cation between the bladder and the uro-genital sinus and assists 
the latter in forming the urethra proper. The primiuve ureter, 
which at first opens in company with the Wolffian duct into the uro- 
genital sinus, changes the position of its exit until the tube finally 
assumes its permanent relations and opens into the bladder. The 
epithelium lining the allantois is a direct extension of the entoderm 
of the primary gut ; the allantoic derivatives, including the bladder 
and the urethra, therefore, are clothed with entodermic cells; 
the muscular and connective tissues of their walls, however, are con- 
tributions from the mesoderm. 

The short female urethra, extending from the bladder to the 
upper part of the vestibule, the representative of the uro-genital 
sinus, corresponds with the primary vesical canal, and is the ure- 
thra proper. In the male subject this passage is supplemented 
and greatly lengthened by the approximation and closure of the folds 
by which the sinus is converted into the narrow canal extending to 
the end of the penis. The male urethra, therefore, consists of tv^o 
morphologically distinct divisions : the urethra proper, which in- 
cludes that portion of the adult canal lying between the neck of 
the bladder and the uterus masculinus or sinus pocularis, this division 
being the strict homologue of the female urethra ; and the remain- 
ing part of the canal, or supplementary urethra, which represents 
the closed and extended uro-genital sinus. 
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THE TESTICLE. 

The testicle b a highly-developed compound tubular gland. The 
parenchyma of the organ is enclosed within a fibrous capsule of 
especial thickness and strength, the tunica albuginea, which 
becomes greatly thickened on the posterior aspect of the testicle 
to form a dense connective- tissue 
mass, the mediastinum, or the Pic. 249. 

corpus Highmori. 

From the mediastinum stout 
fibrous septa radiate to the pe- 
riphery, thus dividing the organ 
into a number of iiregular pyram- 
idal compartments or lobules, 
in which the seminiferous tubules 
are contained. The tunica albu- 
ginea consists of a dense fibrous 
felt-work of bundles of fibro- elastic 
tissue ; the looser, inner layers sup- 
port numerous blood-vessels, con- 
stituting the tunica vasculosa. 
The outer surface of the albuginea, 
through the greater part of its 
extent, is covered by the visceral 
layer of the tunica vaginalis, 
which supplies a serous investment 

to much of the taticie, as well as r.-:3,.-,'^:i-7„:;;,TS~s;;,r,: 

to a portion of the epididymis. liomof Kminifmnu mbiiic; r, rew tati,-. t. 

The testicle lies behind and out- ''™l^™'^j '■ '?.°f' '""'"" " "'^^ "* 
side the serous sac, the latter be- /, panduiyinii. 
coming invaginated by the testicle 

during its descent into the scrotum ; that part of the posterior bor- 
der of the testicle included between the reflected folds of the tunica 
vaginalis is devoid of serous covering, and affords a position for the 
entrance and escape of the blood-vessels, the ducts, the lymphatics, 
and the nerves. 
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The seminiferous tubules may be conveniently divided into 
three portions: (i) the tortuous convoluted tubules, whose wind- 
ings contribute the bulk of the lobule, (2) the straight tubes, 
situated in the apices of the pyramidal lobules, and (3) the tubules 
within the mediastinum, which by their union form the rete 
testis. 
\^ The seminiferous tubules terminate in the mediastinum, from 
which situation the seminal canals are continued by intermediate ves- 
sels connecting testicle and epididymis ; these intermediate tubules 
are the vasa efferentia and the coni vasculosi. The former arise 
from the rete testis, while the latter are the progressively tortu- 
ous continuations of the vasa efferentia terminating in a mass, tlie 







globus major, which represents the sum of the tortuous coni '^ , 
culosi. These last-named canals unite to form the main tub^ . 



ttt 



the epididymis, which is sufficiently convoluted to include 
entire length of twenty feet within the inconsiderable bulk of 
epididymis. ai. 

The seminiferous tubules, 130-140 p. in diameter, possess v*'' 
which are composed of several layers of flattened endothelioid C^ 
nective-tissue plates, applied to which a thin basemen t-m em bf^ 
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developing spermatozoa, embedded within the inner end of the 
supporting cell of Sertoli. 

Spermatogenesis varies among the different classes of vertebrate 
animals ; the account here given refers to man and the higher 
mammals. 

The originally round spermatids promptly exhibit a tendency to 
elongate and to become pyriform ; several such cells, with partially- 
formed spermatic filaments, are often crowded together by the pressure 
of the surrounding elements, and, in consequence, come to lie in 
close relation and in intimate union with the centrally projecting 
protoplasm of the sustentacular cells Such appearances probably 
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partly the result of mechanical forces, at present are regarded as 
indicating an important role on the part of the sustentacular cells 
in the production of the spermatozoa, an assumption seemingly 
warranted by recent investigations. Coincidently with the changes 
in the general form of the spermatoblasts, the nuclei undergo mod- 
ifications of great consequence in the development of the future 
spermatic elements. 

The views concerning the genetic relation of the parts of the origi- 
nal cell to those of the resulting spermatozoon are still at variance. 
According to Henle, La Valette St. George, and many others, the 
nucleus of the daughter-cell gives rise to the head, while from the 
protoplasm are differentiated the middle-piece and the tail. On the 
other hand, Kolliker has always held, as likewise have Biondi and 
Niessing, that the nucleus undergoes a complicated metamorphosis, 
producing not only the head, but also the entire spermatozoon, the 
protoplasm becoming part of the granular d6bris in which the groups 
of developing spermatozoa lie embedded. 
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Critical study convinces that the nucleus, together with the cen- 
trosome of the spermatoblast, b the chief factor in the formation 
ot the spermatozoon. Without attempting a detailed account of 
the complicated cycle, these changes may be briefly stated to con- 
sist in the increase and accumulation of the nuclear chromatin in 
* manner resulting in the difTerentiation of the nucleus into two 
^ones, — an outer, which stains deeply and is rich in chromatin, and 
*n inner, which appears clear and is devoid of chromatin, Coinci- 
Oently with these changes the nucleus escapes from the proto- 
plasm of the daughter-cell to take up 
FiG.^. [(g position, in company with other 

free nuclei, within the granular re- 
mains of the extruded cell -proto- 
plasm. Subsequently the chromatin 
becomes especially condensed and ac- 
cumulated at the inner border of the 
darker outer half of the nucleus ; 
from this zone of chromatin a deli- 





cate projection or spine grows into, and, later, through, the inner 
clear half of the nucleus ; this outgrowth is the first indication of 
the future tail of the spermatic element. As the result of the local- 
ization of the chromatin within the central part of the nucleus, the 
latter now exhibits three zones : an outer clear cap at the fore- 
pole, a narrow middle zone filled with chromatin, from which 
the developing tail -fibre extends, and an inner clear area which 
reaches as far as the hind-pole and is pierced by the tail. In these 
three nuclear zones the divisions of the future mature spermatozoon 
are indicated : the outer clear cap becomes the homogeneous head, 
the middle chromatin band produces the tail and the middle-piece. 
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and the inner clear zone forms the delicate hyaline envelope invest- 
ing the middle-piece and the tail. 

Embedded within the loosely laminated intertubular connective 
tissue, groups of polyhedral nucleated cells occur in greater or less 
prolusion ; these interstitial cells are present within the testicle of 
man and of mammals generally. But within the interstitial tissue of 
the boar's testicle they are found in remarkable abundance. The 
elements, evidently epithelial in nature, are arranged in groups oi 
cylinders in the interstices between the seminiferous tubules, anc 
represent the remains of the epithelial structures of the foetal Wolfliar 
body. 

With the termination of the convoluted division of the seminifer 
ous tubules the secreting tissue of the gland ends, since the con 
tinuation of the seminal canaLs, effected by the straight tubes anc 
those forming the rete testis, represents the beginning of the elabo- 
rate system of excretory ducts extending from the testicle to tha 
urethra. 

On arriving at the straight canals the seminiferous tubules be 
come reduced in size (20-30 11), as well as in number, the thici 
epithelial lining of the convoluted division being replaced by a singN 
layer of lovir colum- 
Fic- 357- nar cells. The shor. 

narrow tubuli recti 
occupy the apices of 
the pyramidal lobules, 
and enter the medias- 
tinum, where they open 
into the irregular canals 
of the rete testis. The 
latter vary in size from 
mere clefts to channels 
approaching in diam- 
eter that of the convo- 
luted tubules ; they are 
lined by a single layer 
of flattened epithe- 
lial plates. 

Beginning at the up- 
.r uwi» liud. : .. per end of the rete tes- 
tis, the further course 
of the seminal canal is 
effected by the ten to fifteen vasa cfferentia, which, by their pro- 
gressively increasing convolutions, form as many conical lobules, the 
coni vasculoai, the aggregate of which makes the globus major 
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of the epididymis. The vasa efferentia and coni vasculosi possess 

a stratified columnar epithelium, the inner cells bearing long 

cilia ; this epithelium rests on a 

robust basement membrane out F g 358 

side of which 1 es a fibrous coat 

strengthened in many places by 

a circular layer of involuntary 

muscle 

The greatly convoluted tube of 
the epididymis has a similar 
wall composed of stratified cili 
ated columnar epithelium a 
well marked membrana propria 
augmented by tibrous tissue and 
a rng of plain muscle this mus 
cular layer gradually thickens on 
approaching the vas deferens in 
whose wall it becomes a tunic of 
considerable thickness 

The stmcture of the spermatic 
duct or vas deferens closely re 
peats the arrangement of the tube 
of the epididymis A stratified 
non ciliated columnar epithe 
hum separated from the tunica 

propnabyawell definedbasement s«ion hreugh own p«ii of tp d d m . 
membrane covers the mucosa of h d ibow ni gcnen unieurt a fibro- 
outside of the latter lies a sub IHTddy-T \"V^l:t 1 l\«J^ 
mucous layer of laminated con woe r wood tiK> 
nective tissue which is embraced 

by the muscular tunic consisting of an inner circular and an 
outer longitudinal layer. 

The ampulla possesses the same coats as the vas deferens, although 
in the former the several layers are somewhat thinner. The sem- 
inal vesicle, likewise, consists of a mucous coat, lined by stratified 
columnar epithelium, a submucous and a muscular tunic. Small, 
often branched, tubular glands occur within the mucous membrane 
of the ampulla and the seminal vesicle. The ejaculatory duct, 
formed by the union of the vas deferens and the duct of the seminid 
vesicle, contains a single layer of columnar epithelium, supported 
by the fibrous tunica propria ; a thin subipucosa, together with a 
slightly developed inner circular and an outer longitudinal stratum 
of muscle, completes the wall of the duct. 

Connected with the epididymis are certain atrophic appendages 
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which represent the remains of foetal organs. Such structures are 
the paradidymis and the stalked and sessile hydatids. 

The paradidymis, or the organ of Giraldes, consists of irregular 
tubules lying among the convolutions of the epididymis, which are 
the atrophic remains of the tubes of the Wolffian body. They 
are lined with low columnar or cuboidal epithelial cells, often ciliated, 
and are surrounded by an envelope of vascular connective tissue. 
The tubules of the paradidymis are usually closed, and frequently 
contain small quantities of albuminous fluid. 

The pedunculated or stalked hydatid, common to both sexes, 
probably represents a part of the atrophied duct of the pronephros, 
the anterior segment of the Wolffian body. The sessile or un- 
stalked hydatid, on the contrary, is limited to the male subject, 
and is the slightly expanded proximal end of the rudimentary Miil- 
lerian duct. These sacs are lined generally by cuboidal cells, and 
often contain a clear fluid. 

The blood-vessels of the testicle, branches of the spermatic 
artery, are distributed to the mediastinum and to the loose inner 
layer — the tunica vasculosa — of the albuginea, including its pro- 
longations, the septa. From the vessels coursing within these robust 
fibrous structures smaller twigs enter the connective tissue and pass 
between the individual tubules, around which they form rich inter- 
tubular capillary net-^vorks. The corresponding veins accom- 
pany the arteries. 

The lymphatics form a superficial capsular net-work, consisting 
of vessels situated within the tunica albuginea, and a deeper inter- 
tubular plexus, the radicles of which closely surround the semi- 
niferous canals. The superficial and the deep lymphatics anastomose 
to form within the mediastinum larger vessels, which, uniting with 
those of the epididymis, constitute one of the elements of the 
spermatic cord. 

Regarding the distribution of the nerves little is definitely known 
further than the penetration of bundles of mixed fibres between the 
seminiferous tubules, around which they form plexuses ; the ultimate 
termination of the end-fibres is unknown. 

THE SEMEN. 

The semen as ejected consists of the secretion of the testicle 
diluted with that of the seminal vesicles and of the prostate gland, 
together with the fluid derived from Cowper's glands and the mucous 
membranes traversed. The secretion proper of the male sexual 
gland consists almost entirely of spermatozoa ; these show active 
movement in the concentrated fluid within the epididymis, but after 
the dilution normally effected by the admixture of the secretions 



THE MALE REPRODUCTIVE ORGANS. 



215 



Fig. 260. 



mentioned, the marked vibratile movements of the seminal 
ts are most characteristic. 

spermatozoa are minute highly-specialized elements, each 
li bears at one end a long ciliuxn of exceeding delicacy: 
[Tering greatly as to details of form and of size 
/ertebrated animals, the mammalian sperma- 
ossess in common three more or less dis- 
lefined parts, — the head, the middle-piece, 
tail. 

tiuman spermatic filament possesses an 
mgth of 50-60 /i, of which the head con- 
3-5 pi, the middle-piece 





hile the remaining 43-49 a 

the tail. 

lead varies in form accord- 
he side examined ; when 

its broadest surface it is 
ped, the broader end of 

1 being directed anteriorly, Human spermatozoa Human spermatosoa 

1 smaller end being: con- *»«»«*iiy »«»:*», from highly magnified : a. «. 

. , , 'jji • the broader auriace ; b, t, respectively head. 

With the miadle-piece. from the side: c, ele- raiddle-piece, and tail; 

profile, the head is con- "**** ^**^ remains of y; elemenu seen from 
'^ . . . spermatoblast adhering the broader sur&ce ; /, 

ivex, and termmates m a to middle-piece. from the side, 

unded anterior extremity. 

atly diminished middle-piece is connected with the posterior 
the head, and on the other hand fades away into the long 

caudal filament. After the action of certain reagents the 
>iece splits up into a number of fibriHae of great tenuity (Bal- 

in spermatozoa not entirely matured spiral fibrils are some- 
)served in this part of the element. The centre of the sper- 
unent is occupied by the delicate axial fibre, which connects 
I with the middle-piece and extends through the middle-piece 
tail. Immediately behind the head, at the beginning of the 
re, lies a minute nodule, the end-knob ; this body probably 
Its the equivalent of the centrosome of the spermatoblast, 
the middle-piece the axial fibre is ensheathed by a delicate 
3e. 

haracteristic vibrations of the spermatic filaments may con- 
r a long time after ejaculation : when suitably prepared, and 
vorable conditions, these cells retain their vitality for many 
id even days. Human spermatozoa, mounted under cover- 
and protected from evaporation, have been observed by the 
o exhibit distinct vibratile motion after the lapse of over nine 
\iter death these elements may continue to vibrate for forty- 
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eight hours, or longer, within the fluids of the seminal tract. Cells 
capable of such tenacious vitality even under the less favorable con- 
ditions outside the body, exhibit still greater endurance when aided by 
the favorable conditions for prolonged life afforded by the normal 
female generative tract ; in these organs the spermatozoa no doubt 
often retain their powers of fecundation for weeks. 

These elements successfully resist the destructive action of ordi- 
nary ^reagents, as well as putrefactive changes ; this capability is 
owing, probably, to the union of the albuminous with the calcareous 
matters, which latter the spermatozoa contain in large quantity. 

The seminal fluid as ejaculated contains several constituents recog- 
nizable by microscopical examination. In addition to the sperma- 
tozoa there are usually seen spherical or cylindrical masses consisting 
of a clear, hyaline, glassy substance derived from the seminal vesicles ; 
numerous small, pale, delicate granules of an albuminous nature ; a 
few round or oval nucleated cells, whose finely granular protoplasm 
often contains fat-granules ; cylindrical epithelial cells, and the char- 
acteristic prostatic concretions or amyloid bodies, which are yel- 
lowish in color, spherical or triangular in form, and concentrically 
striated. These concretions appear to be composed of an albuminous 
substance in combination with a second which corresponds to lecithin 
(Fiirbringer, Posner). 

On standing for twenty-four hours the semen separates into an 
upper clear fluid and a thicker, opaque lower stratum ; the former 
contains few morphological elements, while in the lower layer these 
are very abundant. Subsequently, after prolonged standing, two 
varieties of crystals are frequently encountered, those composed 
of ammonio-magnesium phosphate and the so-called spermatic 
crystals. According to Fiirbringer, the latter are formed probably 
by the action of the semen on the prostatic secretion : since these 
crystals are found almost constantly, after death, in the fluid of the 
prostate, and not within the contents of the seminal vesicles, they 
are more appropriately termed prostatic crystals. They occur 
usually as prisms or pyramids, colorless, or of a slight amber tint, 
and break readily on slight pressure. 

THE PENIS. 

The penis consists of three somewhat flattened cylindrical masses 
of erectile tissue, the corpora cavernosa and the corpus spongi- 
osum, capped by the conical glans, all of which are held together 
by connective tissue and enveloped by the skin and subcutaneous 
tissue.. 

The two cavernous bodies are enclosed within a stout fibrous 
envelope, the tunica albuginea, which reaches a thickness of about 
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I mm , and is composed of closely interwoven longitudinal bundles 
of white fibrous tissue intermingled with well developed elastic fibres 
Within this common m 
vestment each body is 
surrounded by an indi- 
vidual sheath of circu 
tarty disposed bundles 
which m the mid hne 
takes part m forming , 
the {>ectmate septum m 
other places the sheaths 
contnbute the trabecu1<e 
belonging to the enclosed 
erectile tissue 

The trabcculee spring 
from all parts of the in 
vesting fibrous tunics 
including the septum 
and pass inward jom 
ing with their fellows on __ , . , ,„7 ' 

all sides to form a frame- t, fibtoui envelope <>r ume ; c. Lmpecfect Kpuim ; d. corpiii 

work, the basis of the •P«'Ki«"»': '.urah™: /. «l»c«u. (l.ndi: ,,=piA=lluiB 

. 1-1 of win; r. thai lining Ihc uc of prepuce; «. KctionoTlsillej-; 

cavernous tissue, which t, biooii-veneii. 
occupies the entire cav- 
ernous body. While the trabeculae are stouter and larger near the 
periphery than in the centre, the included spaces, on the contrary, are 
larger near the middle and 

smaller at the circumference '''*'■ ^'■ 

of the cavernous bodies ; to- 
wards the anterior end of the 
penis the spaces become gen- 
erally larger. In addition to 
the white fibrous tissue com- 
posing their principal part, the 
trabecuUe contain elastic fibres 
and unstriped muscles, to- 
gether with the blood-vessels 

which the larger bands sup- s«ii«i or aecnie tiww or hunun penii . ■', blood- 
port. The interspaces of this "i"™ ■""°tu"'di' "f"™l"ri ' d'^u^e'ili^'tu?'' 
spongy structure are cavern- Tuioi» dinciioni ; j, biood-veueii. 
ous venous channels, which 

form an intercommunicating system of canals throughout the cav- 
ernous body. These spaces, lined with endothelium, and communi- 
cating on the one hand with the arteries and on the other with 
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the veins, during erection become enormously distended, with a cor- 
responding reduction in the thickness of the intervening trabeculse. 

The corpus spongiosum in its structure resembles closely the 
cavernous bodies, being limited by a fibrous tunic from which spring 
the trabeculae of the cavernous tissue enclosing the venous spaces. 
The fibrous envelope is less developed than in the case of the 
cavernous bodies, while the proportion of elastic fibres is greater, 
peculiarities resulting in less unyielding rigidity in this part of the 
penis during erection. The fibrous trabeculae of the spongy body 
are thinner but more uniform in diameter, and the enclosed spaces 
possess greater similarity in size, although somewhat smaller than the 
corresponding channels of the corpora cavernosa; their long axis 
generally coincides with that of the penis. The erectile tissue of 
the corpus spongiosum is continued into the glans, the spaces, howr- 
ever, becoming somewhat reduced and provided with finer trabecular. 
Immediately around the urethra a zone of condensed fibrous tissi.s.e 
intermingled with a quantity of unstriped muscle occurs, in additici^n 
to which a small amount of muscular tissue frequently exists witlm^mn. 
the fibrous tunic of the spongy body, as well as within the larg^ ^r 
trabeculae. 

The smaller divisions of the arteries of the cavernous bodi^^^^, 
branches of the internal pudic, are supported by the larger bands <z^f 
fibrous tissue ; from these situations the arteries pass into the ca^=»^- 
lary vessels, which, as a rule, communicate with the blood-spaces <ZDi 
the erectile tissue ; these spaces, in turn, are drained by the ven< 
radicles, which empty into veins escaping at the roots of the 
or into the dorsal vein. Not all the capillaries, however, open i: 
the cavernous spaces, since those destined for the nutrition of 
tissues at once terminate in the veins, thus establishing a direct 
culation, which forms the chief course of the blood during the pas^^ ^ve 
condition of the penis. As a compensative provision for the gr~* 
expansion of the trabeculae during erection, the arterioles are oi 
so long that they present marked tortuosity, sometimes protrud 
as twists and loops into the undistended cavernous spaces ; in rec< 
nition of this peculiarity these vessels have been named the helics.: 
arteries. 

In addition to the usual channel of the blood into the spaces ^^^7 
means of the capillary vessels, a direct communication exists betwe — -*w 

the arterioles and the larger spaces at the circumference of the caveJ n- 

ous bodies (Langer). The arrangement of the vascular supply ^ ^ 
the corpus spongiosium and of the glans is identical with that abo"^^ 
described, all the blood, however, being conveyed into the spac ■ ^**' 
through the capillaries. 

The masses of erectile tissue, enclosed within their respectiv^^ 
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sheaths, are enveloped in the general areolar tissue supporting the 
larger blood-vessels, nerves, and lymphatics, the whole being covered 
in by the investing integument. The skin of the penis is attached 
over its body by loose subcutaneous tissue, allowing of free move- 
ment and great distention ; it is distinguished by its dark color, thin- 
ness, freedom from fat, and, throughout the greater part of its ex- 
tent, absence of hairs. At the margin of the prepuce the skin as- 
sumes the character of a true mucous membrane, becoming delicate, 
rosy, and moist ; the base of the glans is generously supplied with 
modified sebaceous follicles, the glands of Tyson, sometimes called 
glandulae odoriferse, on account of their peculiar secretion ; par- 
tially inspissated accumulations of the latter, together with abraded 
epidielial scales, constitute the smegma. Upon the glans the in- 
tegument is very intimately and immovably united to the fibrous 
tunic of the spongy tissue, and contains large papillae in which 
rich vascular loops and special nerve-endings are situated; the 
skin in this situation is free from glands. 

The lymphatics of the penis consist of a superficial and a deep 
set : the former extends beneath the integument as a subcutaneous 
net-work, whose principal vessels accompany the larger blood-vessels 
in their course and terminate in the superficial inguinal glands, while 
the latter passes from the cavernous and spongy bodies, along 
with the deep veins, to the deep lymphatic glands within the pelvis. 
The lymphatics begin in the interfascicular clefts within the larger 
trabeculae and the dense fibrous laminae which constitute the sheaths 
of the erectile masses ; delicate radicles continue the lymph-channels 
from the clefts to the larger lymphatic vessels. 

The nerves of the penis include trunks derived both from the 
cerebro-spinal and from the sympathetic system, those from the latter 
being contributed by the hypogastric plexus ; the sympathetic 
fibres are distributed entirely to the erectile tissue of the cavernous 
and spongy bodies. The sensory and motor nerves are ob- 
tained from the dorsal and superficial perineal branches of the pudic 
nerve, and terminate within the skin and the mucous membrane. 
Special nerve-endings, represented by numerous examples of the 
simple and compound genital corpuscles, as well as by the cor- 
puscles of Vater, are found in the integument of the glans and of 
other parts of the penis : the structure of these peculiar bodies has 
been considered in Chapter VI. 

THE PROSTATE GLAND. 

The prostate body is a compound tubular gland. The outer 
surface of the organ is invested by a stout fibrous covering, 
the continuation of the contiguous fascia, beneath which lies an 
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inner envelope of involuntary muscle. From the latter muBCu- 
lar septa penetrate in all directions between the acini of glandular 
tissue ; immediately surrounding the urethra a thick muscular layer 
also exists. 

The prostatic acini may be regarded as highly developed ure- 
thral glands, which they closely resemble, opening by a dozan or 
more ducts on the free sur- 
Fi"- 163- fece of the urethra. Of 

..^^-r-^r, dfeV-^v J these ducts two of especial 

size empty on either side 
, - of the urethral crest, and, 
j; , , repeatedly subdividing, 

communicate with the 
numerous closely - packed 
acini constituting the cen- 
tral lobe. The other di- 
visions of the gland are 
simpler in structure, since 
they contain tubular al- 
veoli, much less closely 
placed, which open into a 
slightly wavy duct. 

The epithelium lining 
the alveoli is short colum- 
nar in character, and fre- 
quently possesses more 

n rhumin roiUK eihibilin eneral di> Hlion ^''^" ^ Single fOW of CelU, 

of jicini: a. iibrou) envelope; «,g[oup9 of tiibuinr acini; Smaller spheHcal Or pyri- 
luit^it," ""^ ''"""'' '^'^"' '' '*""""'"" ^^"'^ form elements filling up 
the interstices between the 
outer ends ot the somewhat tapering cells next the lumen. The 
nuclei of the epithelial elements are situated eccentrically, lying 
nearer the ends of the cells directed towards the basement-mem- 
brane. These cells in elderly subjects not infrequently contain 
pigment. 

In addition to the fibrous and elastic connective tissue among the 
acini of the gland, bundles of involuntary muscle pass in all di- 
rections between the alveoli, and in many places constitute almost 
the entire tissue separating the adjacent acini. While present in all 
parts of the gland, the quantity of muscle varies in different parts of 
the organ ; it is poorest in the central lobe, where the acini are best 
developed, and richest in the upper part of the posterior post-ure- 
thral division and in the extreme fore part of the organ. In the low- 
est part of the posterior segment the involuntaiy muscle is supple- 
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mented by connective tissue in forming the interalveolar partitions. 
The layer of involuntary muscle surrounding the urethra is continu- 
ous behind with the vesical sphincter, and in front with the muscular 
envelope of the membranous portion of the canal. 

On either side of the urethral crest, which occupies the posterior 
sur&ce of the prostatic portion, a depression marks the position of 
the prostatic fossa, into which open the orifices of the twelve to 
twenty prostatic ducts. These recesses are lined with a continuation 
of the stratified squamous epithelium which covers the adjacent 
urethral mucous membrane ; these cells, however, are soon replaced 
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vithin the ducts by others of the columnar type. As has already 
been pointed out, the sinus pocularis, or uterus maaculinus, 
occupying the anterior part of the urethral crest, is to be regarded 
as homologous with the cavity of the vagina and the uterus, the layer 
of involuntary muscle belonging to the especial wall of the divertic- 
ulum corresponding to the uterine muscular tissue, while the small 
tubular glands present within the mucous membrane hning the sinus 
are the homologues of those of the uterus. The prostate itself, 
which is developed as a thickening of the urinary tract, cannot be 
regarded in any sense as homologous with the uterus, notwithstand- 
ing the apparently close relations with the sinus pocularis, since these 
relations are secondary and attained in the course of its subsequent 
growth. 

The blood-vessels of the prostate gland, branches of the adjacent 
vesical, hemorrhoidal, and pudic arteries, pass into the interior of the 
organ within the larger connective -tissue septa, where they break into 
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smaller twigs, which follow the ducts into the lobules, the capillary 
vessels then forming net-works about the individual alveoli. The 
veins on emerging from the deeper parts of the gland form a rich 
plexus within the fibrous envelope about the base and sides of the 
organ. 

The lymphatics originate within the connective-tissue septa as 
interfascicular clefts ; these unite with definite channels, which, in 
turn, form the larger lymphatic trunks accompanying the veins in 
their course to the neighboring deep lymph-glands. 

The nerves, derived principally fi-om the hypogastric plexus, are 
composed of both meduUated and non-medullated fibres, and pass 
along the stouter connective-tissue trabeculae towards the glandular 
compartments ; their ultimate mode of termination is still uncertain. 
Corpuscles of Vater have also been observed along the course of the 
more superficial nerve-trunks. 

The secretion of the prostate gland — the prostatic fluid— is 
a thin, opalescent, slightly acid liquid, usually containing epithelial 
cells and granules. The dilution of the secretion of the testicle 
seems to be an important use of this fiuid ; and when so mixed, on 
standing for some time the thin rhombic prostatic or Charcot's 
crystals make their appearance. 

Within the ducts or acini of the prostate gland additional small, 
irregularly round, laminated bodies, the prostatic concretions, often 
occur ; these are constant in advanced age, but they are found often 
also in young subjects ; these accumulations seem to be albumino- 
calcareous in nature and present a concentric lamination. 

THE GLANDS OF COWPER. 

Cowper's glands are two small racemose structures, whose 
rounded, somewhat flattened masses, 10-13 mm. in diameter, lie be- 
neath the anterior part of the membranous urethra. Each gland 
is composed of several small lobes, which pour out their secretion 
through the long excretory duct into the posterior part of the bulbous 
portion of the urethra, where a minute orifice marks the termination 
of the tube. The lobules composing the gland are held together, 
as well as enveloped, by a common investment of fibrous connective 
tissue containing some involuntary muscle. 

The acini are occupied by clear lovr cylindrical cells, resembling 
in character and in secretion those of a mucous gland. The epithe- 
lium lining the small ducts, into which the acini directly open, 
consists of elements cuboidal in form ; these cells are gradually 
replaced by taller columnar ones as the urethra is approached 
In addition to the epithelium and delicate connective tissue, the 
walls of the ducts are strengthened by bundles of unstriped muscle. 
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Cowper's glands secrete a clear, viscid fluid, regarding the use of 
which little is known with certainty. 

The blood-vessels supplying Cowper's glands, derived usually 
as branches of the artery of the bulb, pass between the lobules, in 
company with the ducts, supported by the intervening connective 
tissue ; the capillaries form net-works around the individual acini. 
Lymph-spaces occur within the fibrous envelope and within the 
larger masses of connective tissue penetrating the organ. 

The nerves are branches fi*om the pudic nerve : regarding their 
termination little is definitely known. 
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CHAPTER XIII. 

THE FEMALE REPRODUCTIVE ORGANS. 

THE OVARY. 

The ovary is attached to the posterior surface of the broad la- 
ment along its shorter straight borrfer, the sides and convex edge (rf 
its flattened oval mass being invested by the serous covering contin- 
uous with the peritoneum of the adjacent surfaces. The serous 
membrane reflected over the organ is modified both in appearance 
and in structure since the usual shining smoothness of its surface 
is replaced by dulness and the flat endothelial plates are supplanted 

Fig i6s 



j\ 












by the low columnar cells which constitute the germinal epitheli«J"^' 
The transition of the latter into the usual peritoneal covering is i»^**'' 
cated by a distinct demarcation around the attachment of the ova-*y' 
The ovary is divided into two parts, the cortex and the medu :•**' 
the boundaries of which are somewhat conventional and by no me^^i"'^ 
sharply defined. The cortex includes the peripheral zone, cont^' ?' 
ing the Graafian follicles and the ova, and occupies approximaC-^^ ?_ 
the outer third of the organ, while the medulla embraces the :^' 
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maining central portions of the ovary, in which the blood-vessels are 
conspicuous constituents. 

The bulk of the oigan consists pnncipallyof the stroma together 
with the contained blood-vessels and the Graafian folhcles. 

The ovarian stroma is a peculiar form of connective tissue dis 
tinguished by the great number of its spmdle cells which while dis 
tributed through all parts of the organ are especially closely packed 
in the cortex, particularly near the periphery 

The cortical stroma, arranged m variously du-ected bundles is 
greatly condensed immediately beneath the germinal epithelium the 
zone of condensed tissue appear- 
ing as a distinct peripheral layer, Fic i66 
the so-called tunica albuginea ; 
the latter, however, does not rep- 
resentan independent structure, as 
does the sheath bearing the same 
name in the testicle, but only a 
peripheral band of the stroma of 
especial density. 

The most important constit- 
uents of the cortex are the 
Graafian follicles, which are 
exclusively limited to this part 
of the ovary, where they occur 
in all stages of development. 
The youngest and least matured 
Graafian follicles are plentifully 
scattered through the outer part 
of the cortex, where in many ani- 
mals, as the cat and the rabbit, 
they form almost a complete 
zone. The most immature fol- 
licle consists of the ovum sur- 
rounded by a single layer of flat- 
tened cells, the progenitors of the 
membrana granulosa, outside of ^ 

stroma, without the intervention of a special limiting membrane. 
Among the immature follicles are others in various stages of more 
advanced development, in which the ovum is embraced by two or 
more rows of polygonal cells ; around such ova the stroma is con- 
centrically disposed, a condition foreshadowing the membrana gran- 
ulosa and the theca of later stages. The cells which surround the 
ovum by their division give rise to the numerous elements lining the 
follicle; they were originally derived from the germinal epithelium 




'hich lie the cells of the general 
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as cylindrical masses which penetrate the stroma and undergo proW 
eration. With the increase in size which accompanies their devel 
opment the Graafian 
Fig 167 , folliclespass towardsthe 

*S5aSIKW!V*^ri>'''''^f^^6*Si\fc^''J inner hmitsofthecoitex 
4?^ff*^^^0 J tjV f ^ ' '' - \ bordering on the me 

y^ ^* "^^S^jMn^bf- ■ dulla where they un 

»*fl*",^iP'^^^^S» '^"^° further enlaige- 

' ^ "^ I ment after a time th^ir 

J diameter includes al- 
most the entire cortex, 
and extends from the 
^ medulla to the surface 

f of the ovary Sut>se- 

^ quendy the position of 

L „f \(, ' the follicle becomes ^v i- 

■"-""' '"" ^ dent as a distinct pro- 

jection on the firee 
surface, marking the 
point at which the final 
rupture of the sac ^nd 
the escape of the o%''V»ni 
take place Such dis- 
charge usually coinc i«iies 
with the phenomena, at- 
tending menstruation^. 
The mature Gra-^if- 
ian follicles appeaK~ ^ 
clear vesicles, 4-8 na ■". 
in diameter, and, *" 
section, exhibit a <Ji^^- 
acteristic arrangement. The follicle is defined from the surroundf ** 
tissue by a condensed layer of stroma, which forms a sheath, t ** 
theca folliculi ; this envelope is composed of two layers, an ouC^^ 
tunica fibrosa, containing fibrous connective tissue and coar^**^ 
blood-vessels, and an inner tunica propria, rich in cells, sm^^** 
blood-vessels, and capillaries. Within the theca follows the "'^''^''^^L* 
brana granulosa, consisting of many layers of small polyhedn^'^^^ 
epithelial cells, the descendants of the single row of original eel ^^^ 
contained within the young follicle ; at one point the niembrai*^^^'"^ 
granulosa presents a thickening, which is continued as a zone 0*^-^^^ 
cells immediately surrounding the ovum ; this constitutes the discu "^ 
proligerus, which remains in contact with the ovum after its escap^^\]7 
The cells of the discus which lie next the ovum are placed verticall^^?'^ 
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to its suriace, forming a radial zone, the corona radiata. The 
interior of the follicle is occupied by an albuminous fluid, the 
liquor folliculi, derived probably as an exudate from the blood- 
vessels of the theca, as wdl as from the breaking down of some of 
the central cells of the follicle. 

Within the discus proligerus lies the ovunn, a spherical body about 
.2 mm. in diameter, enclosed within a distinct membrane, the zona 
pellucida, which presents a delicate radial striation. These mark- 
ings are regarded by many as due to the presence of fine canals, 
which may facilitate the access 
of fluids and possibly, also of 
the spermatozoa to the contamed 
cell. The zona pellucida is a 
protecting membrane, denved 
from the cells of the surroundmg 
discus proligerus, and does not 
strictly considered, constitute a 
part of the ovum proper smce 
it lies outside of the true cell 
wall, the vitelline membrane ' 

The protoplasm of the ovum 
or vitellus, occupies almost the ' 

entire area within the zona pellu , ~ 

cida, Mid is limited by the delicate 

.. : „. Ovum (rom ov»ry of c«l d nneniKal cdh rf 

and mconspicuous vitelline mem ducui pmi gcmt u -«n wh h procaB rnmi 
brane, which closely approxi «>" ptiiuc cu (.) ..lend « vHtii ■« membrM* 
mates the inner sur&ce of the ^""^ ' ' '""'" ' 

zona pellucida. The protoplasm of the ovum is modified by the 
presence of numberless particles of fatty matter which he embedded 
within the albuminous protoplasm proper The germinal vesicle, 
corresponding to the nucleus of the ovum is situated eccentncally, 
limited by a distinct membrane and contains the germinal spot or 
nucleolus. Of the parts of the ovum the germinal vesicle is the 
most important, since in it as m the nucleus of cells in general are 
- inaugurated the important changes attendant upon the phenomena 
of cell division. The threads of chromatin form a loose, irregular 
net-work throughout the germinal vesicle, the interspaces of which are 
filled with a substance representing the nuclear juice. While each 
Graafian follicle contains, as a rule, but a single ovum, exceptions 
are observed occasionally where two, and even three, ova are found 
within the same vesicle. 

The formation of nevr follicles continues for only a short time 
after birth ; ovisacs are then most numerous, the entire number 
contained within the two ovaries of the child being estimated at over 
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seventy thousand. In view of the unquestionably large number of 
follicles in very young ovaries, and the relatively small proportion of 
ova which reach maturity, the degeneration of many follicles, 
after attaining a certain development, seems certain ; the atrophic 
remains of such degenerating Graafian vesicles, continually encoun- 
tered, point conclusively to the fate of a large contingent. 

The medulla contrasts with the cortex by its looser structure and 
the number and the size of its vascular canals. The stroma of this 
portion of the ovary more nearly resembles ordinary connective 
tissue, the peculiar spindle-cells occur- 
ring much less abundantly, while the 
.~r,-r', fibrous tissue forms an important con- 
iv stituent of the supporting matrix. A 
- considerable amount of involuntary 
, ' muscle is mixed throughout the fibrous 
>S bundles separating and surrounding the 
^ numerous blood-vessels. The latter 

y'. ' are largely venous, the large sinus- 

like veins beine very conspicuous 

SccUDD of medulla of hunu ovaiy , . . , f „ '^ 

p.vuKuUir ciwrIi ouraiiDdcd by the oDjects in the mcdulla. 

uromi.i:ciii >Dci iht coonKiJ™ iMue; In addition to the elements already 

tv, group of inuntitial «lu derived , ., ■ y , i < . 

fron. w<jiB.n lubuio. descnbed, groups of polygonal inter- 

stitial cells occur between the bun- 
dles of stroma-tissue, especially in the medulla, but also within the 
cortex. These cells are epithelial in character, and represent the 
remains of the cylindrical cell-masses which grow from the \Volffiao 
body into the tissue of the primitive ovary. In some animals the 
interstitial cells are much more numerous than in the human ovary ; 
in the rabbit these cells constitute an important part of the stroma 
of the organ. 

On the escape of the ovum, the ruptured and partly-collapsed 
follicle becomes filled with the blood poured out Irom the torn vessels 
of the walls of the vesicle ; subsequent changes lead to the conver- 
sion of the follicle into a corpus luteum. The production of these 
characteristic bodies depends principally upon the proliferation of 
the walls of the follicle, in some cases the interstitial cells being in- 
volved ; the process results in the plication of the remains of the 
envelope, as well as in the gradual formation of a mass of polyhedral 
cells, between which the capillaries derived from the vessels of the 
follicle extend ; the enclosed area corresponds to the remains of the 
cavity of the follicle, and is for a time occupied with the yellowish 
mass composed of the degenerating blood-clot and the membrana 
granulosa ; these tissues are replaced by a shrunken fibrous area, 
which is later invaded by the proliferating peripheral cells. When 
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best developed, the corpus luteum is sharply defined from the sur- 
rounding stroma, and in appearance recalls somewhat the liver, the 
polygonal cells being surrounded by capillary blood-vessels. Subse- 
quent changes lead to retrogression 
and disappearance of the cells the 
entire mass becommg fibrous and 
cicatricial in character but remam 
ing visible for many months as 
an obscure, shrunken irregularly 
plicated body in the midst of the 
cortical tissues. While the forma 
tion of a corpus luteum follows the /^ 
dischai^e of every mature ovum, -" 
when such escape is followed by 
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pregnancy the yellow body be 
comes exceptionally lai^e and well 
developed, presentmg a large round 
mass, 2-x cm. in diameter which ' . '"■•" 

. ,. ... - ovary of rabb t a po]>b(dial «]lf tepamud 

retainsitsdistinctivecharactermuch byiMicuiucomiKuve <»uc t biaodveud 
more tenaciously than the corpus 

of ordinary menstruation. These differences led to the distinction 
of the corpus luteum of pregnancy as the true yellow body as 
contrasted with the ordinary or false ; the former large symmetri- 
cally-developed body has been regarded as positive proof of preg- 
nancy, a conclusion, however, which the repeated observation of 
identical bodies in the ovaries of virgins by no means upholds : the 
evidence afforded by such corpora lutea should be regarded as cor- 
roborative rather than as positive. 

The blood-vessels of the ovary enter at the hilus along the 
attached border. They directly penetrate to the medulla, smaller 
twigs passing to supply the cortex and the Graafian vesicles. Elach 
of these sacs is surrounded by a net-work of vessels, especially con- 
spicuous in the larger follicles. The venous vessels within the 
medulla are of large size, the channels resembling sinuses in their 
tortuous course and thin walls. 

The lymphatics are numerous within the medulla, while their 
terminal radicles have been traced within the cortex to the cleft- 
like spaces within the fibrous tunic of the walls of the larger 
follicles. 

The tierves of the ovary include medullated and pale fibres, repre- 
senting both the cerebro-spinal and the sympathetic system. After 
passing into the interior of the organ, fine twigs enter the cortex, 
where they have been traced into the envelope of the larger Graafian 
follicles. 
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THE PAROVARIUM. 

The parovarium, the epobphoron, or the organ of Rosen- 
miiller, consists of a group of tubular structures lying transversely 
within the broad ligament, between the ovary and the oviduct; the 
short vertical tubules lie irregularly parallel or converge somewhat 
at their ovarian ends, while their opposite extremities are connected 
with a longitudinal head-tube of larger diameter, which extends 
downward often for some distance within the broad ligament. The 
tubules are lined by low columnar epithelial cells, the represen- 
tatives of the elements clothing the embryonic canals. The parova- 
rium represents the partially- obliterated re- 
FiG. 171. 'mains of parts of the Wolffian body; the 

transverse canals correspond to the tubules of 
the body, while the head-tube is identical 
with the upper part of the Wolffian duct; 
when this latter canal persists throughout the 
greater part of its original extent it constitutes 
Gartner's duct, the homologue of the vas 
deferens. Other foetal remains are sometimes 
ovIri^m° 'l."'MMi."'iStd encountered, as rudimentary tubules em- 
wiib cuboiiui cpiiheiiiim bedded within the broad ligament nearer the 
^^™!Lii"'ii«ur(T"°'' "'^™^ than the parovarium ; these structures 
constitute the paroophoron, and represent 
the atrophic transverse tubules of the lower portion of the Wolffian 
body, being homologous with the paradidymis in the male. The 
closed tubules of the paroophoron are lined by low columnar epi- 
thelium, and are often occluded by the partially -shed cells. 

The stalked hydatid of Morgagui frequently forms a conspicuous 
appendage to the ovary. This pedunculated vesicle represents the 
remains of the duct of the pronephros, and is common to both sexes ; 
low columnar or cuboidal epithelium forms the lining of its dilated 
sac and stalk as far as pervious. 

THE OVIDUCT, 

The oviduct, or Fallopian tube, consists of three coats, — an 
inner mucous, a middle muscular, and an outer serous. 

The mucous membrane of the oviduct is thrown into longitu- 
dinal folds, which correspond in their amplitude to the general 
variation in the size of the tube, being low towards the small uterine 
end and increasing in height and in complexity on approaching the 
expanded fimbriated extremity of the canal. On transverse section 
through the smaller portions of the tube, the longitudinal folds give 
to the lumen a generally stellate oudine, the complexity of the figure 
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increasing: as the sections approach the fimbria, owing to the addition 
of numerous secondary plications which there exist The mucous 
membrane of the 

oviduct consists of a ^"'- *'*■ 

fibro-elastic tunica 
propria and a single 
layer of columnar 
ciliated epithelial 
cells, whose ciliary 
wave sweeps from 
the fimbrLt towards 
•he uterine end of 
the tube. All parts 
of the canal are lined 
with ciliated cells, in- 
cluding the inner sur- 
&ce of its expanded 
Ovarian end; at the 
free edge of the lat- 

'Cr the ciliated CO- Section or human oviduct n<M. fimbrii; a.tumtnof lubt en- 

lumnar cells of the ™«h«inp™ bycon,piic..=d Md.^ ^i.ys.r ciii...dcdu|nn.r 
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'ut>al surface are re~ ofniiucie:r,i«>giiu<Un>tbundiaofouicie-ceii>;y,e>»nuiiibnHu 
placed by the flat """■ 

endothelial plates of the peritoneum which invests the outer aspect 
of the tube. 

The outer layers of the tubal mucous membrane contain scattered 
longitudinal bundles of involuntary muscle, which represent a 
Poorly^leveloped muscularis mucosae ; outside these a thin layer of 
fibrous connective tissue answers to a submucosa, and contains the 
larger blood-vessels and the lymphatics. Glands are absent within 
*he mucous membrane of the oviduct. 

The muscular tunic consists of a principal inner circular layer 
p» Ion-striped muscle and a slightly developed outer layer consist- 
■"S" of an incomplete zone of longitudinal bundles. 

The serous coat consists of the fibro-elastic stroma and the endo- 
"c'ial plates of the general peritoneum. 

*"he blood-vessels of the oviduct are branches from the ovarian 
^^l uterine arteries and the corresponding veins ; the arteries pos- 
a tortuous course and extend along the bases of the folds of 
mucosa ; from these vessels smaller twigs arise, which break up 
*** the capillary net-works destined for the various coats. 
. The larger lymphatics accompany the blood-vessels and commu- 
**^te with the lymph-spaces within the deeper layers of the mucosa. 
The nerves, derived from the ovarian and uterine plexuses, con- 
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gist of both medullated and pale fibres ; the prinapal trunks nin in 
company with the blood-vessels as (ar as the mucous membrane; 
iheir ultimate distribution and mode of termination are still un- 
certain. 

THE UTERUS. 

The uterus being the fused morphological continuations of the 
oviducts, similarity approaching identity in the structure of the two 
segments of the original tube is to be expected ; this resemblance, iiv 




Ikct, exists. The uterus is composed of a mucous, a muscular, and 
a serous coat, modified to meet the demands of special functions. 

The mucosa, 1-2 mm. in thickness, consists of a tunica propria 
formed of delicate bundles of fibrous tissue, intermingled with some 
elastic fibres and many leucocytes, and the epithelium. The latter 
is a single layer of ciliated columnar cells, whose ciliary current 
b directed towards the cervix. The tunica propria contains numer- 
ous slightly wavy tubular uterine glands, limited by a delicate 
basement-membrane and lined by an extension of the ciliated colum- 
nar epithelium of the adjacent mucous surface. Since a submucosa 
is wanting in the uterine wall, the blind and often forked extremities 
of the glands abut directly upon the muscular tissue. 

The mucosa of the uterine cervix differs materially from that 
of the body of the organ, being thicker and firmer, and within the 
lower third beset with minute papilla covered with stratified squa- 
mous epithelium. In the upper half or two-thirds of the cervix 
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the epithelium is ciliated columnar, similar to that of the body of the 
oi^n. In addition to the scattered tubular follicles, the representa- 
tives of the usual uterine glands, numerous short tnucous crypts, 
with expanded blind extremities, lie embedded within the mucosa ; 
these pour out the thick glairy mucous secretion which is character- 
istic of the glands of the cervix. Not infrequently retention of the 
secretion takes place in some of these mucous follicles, the glands 
then undergoing transformation into greatly -distended cysts, the 
ovula Nabothi ; these appear as translucent yellowish vesicles em- 
bedded within the mucosa and readily seen by the unaided eye. In 




the absence of glands the mucous membrane of the lowest part of 
the cervix still further resembles that of the adjacent vaginal surface. 
The exterior of the projecting portion of the cervix is covered with 
an extension of the vaginal mucous membrane. With the recurrence 
of each menstrual period the uterine mucous membrane under- 
goes changes destined to prepare this surface as a favorable place 
for the reception and retention of the ovum during gestation in the 
event of impregnation. Greatly- in creased vascularity, softening and 
thickening of the mucous membrane, with increase in the length of 
the glands and in the number of the leucocytes, are among the 
changes then taking place. Should impregnation occur, these altera- 
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tions become more pronounced and result in the formation of the 
decidua. When incidental merely to the phenomena of menstrua- 
tion, the flow of blood following the rupture of the over-distended 
capillaries is accompanied, possibly, by a very slight degeneration of 
the innermost portions of the uterine mucous membrane. There is 
little evidence that the profound changes involving the uterine glands 
and mucosa, formerly described, actually take place. Diapedesis 
is the most important change. 

The muscular coat of the uterus consists of bundles of involun- 
tary muscle separated by bands of connective tissue and surrounding 
numerous vascular, especially venous, channels. While more or less 
irregularly arranged, the muscular tissue is disposed in three general 
strata, an inner, a middle, and an outer layer. The inner layer, 
upon which directly rests the mucosa, is often regarded as belonging 
to the mucous membrartie, being in fact the hypcrtrophicd muscu- 
laris mucosae ; it is composed principally of irregular longitudinal 
or oblique bundles, and contributes about 1.5 mm. of the entire 
muscular tunic. The middle layer is the most robust, forming the 
greater part of the muscular wall, consisting chiefly of bundles having 
a general circular disposition. This layer is also distinguished by the 
numerous large venous channels enclosed between its bundles; 
hence the name, stratum vasculare. The outer layer of muscle, 
about . I mm. in thickness, is made up partly of circular and partly 
of longitudinal bundles, the latter predominating and being closely 
related to the overlying serous coat. Many bundles of this outer 
layer pass obliquely across the fundus and into the broad ligament; 
some of these enter the round ligaments and accompany the areolar 
tissue and the blood-vessels composing these structures towards the 
groin, while others extend along the oviducts ; strong muscular bands 
also run from the uterus into the ovarian ligaments. The muscu- 
lature of the cervix is characterized by greater regularity in its 
arrangement, a distinct inner longitudinal, a middle circular, and an 
outer longitudinal layer being present. During pregnancy the 
muscular tissue of the uterus becomes enormously increased, the 
augmentation depending not only upon the excessive size of the 
already existing individual muscle-cells, but also upon the appear- 
ance of additional new muscle-cells. 

The serous coat of the uterus is composed of the usual constitu- 
ents of the peritoneum, the fibro-elastic stroma being covered by the 
outer sheet of endothelium. 

The blood-vessels supplying the uterus are very numerous. The 
arteries, branches from the ovarian and the uterine, pass beneath the 
serous coat into the muscular tunic, where many twigs are given off 
for distribution to the tissue of this layer ; the capillary vessels pass 
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between and into the muscle-bundles supported by the intervening 
connective tissue ; the terminal branches reach the mucosa, where 
they break up into capillaries, which form net-works around the 
uterine glands and beneath the free surface. In addition to the 
trunks accompanying the principal arteries, the veins contribute 
numerous channels to the middle muscular coat, in which they form 
a plexiform system of thin-walled sinus-like blood-spaces within 
the intermuscular connective tissue. 

The lymphatics are represented within the uterine mucosa by a 
wide-meshed net-work of canals within the deeper layers of the tunic, 
as well as by blind, slightly club-shaped branches and the interfas- 
cicular lymph-spaces. Within the muscular tunic lymphatic channels 
occur among the muscle-bundles, particularly of the middle layer ; 
these unite with the larger lymphatics lying within the subserous 
tissue. 

The nerves supplying the uterus are derived from the inferior 
hypogastric and the ovarian plexus, together with branches from the 
lower sacral nerves ; they consist, therefore, of both meduUated and 
non-meduUated fibres : minute ganglia have been observed in con- 
nection with the latter. The larger trunks send many twigs to the 
muscular tissue ; the final termination of the branches passing into 
the mucosa is still undetermined. 

THE VAGINA. 

The walls of the vagina consist of a mucous membrane, a 
muscular coat, and a fibrous advehtitia. 

The mucous membrane is covered with a thick stratified 
squamous epithelium, which rests upon a tunica propria rich in 
elastic fibres and leucocytes and beset with numerous papillae ; the 
latter, when small, do not impress the free surface, the epithelium 
presenting an uninterrupted plane. Larger elevations, however, 
occur as the prominent folds constituting the rugae, which include 
within their structure not only the tissues of the mucosa but also 
bundles of involuntary muscle and numerous large veins, these 
latter bestowing upon the parts somewhat the character of cavernous 
tissue. Leucocytes are plentifully scattered within the mucosa of 
the entire vaginal tract, but in certain places, particularly in the 
anterior wall near the orifice of the vagina, these cells are very nu- 
merous, and give the mucosa the appearance of adenoid tissue ; 
solitary lymph-follicles also exist. True glands are not found in 
the vaginal mucous membrane ; the watery acid secretion bathing its 
surface seems to be the product of the general mucosa. The hymen 
consists of a crescentic or circular duplicature of the mucous mem- 
brane strengthened by an intervening layer of fibrous tissue. 
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The deepest part of the mucosa is continuous with the loosely- 
woven, highly- vascular submucous tissue ; outside the latter follows 
the muscular tunic, composed of an inner circular and an outer 
longitudinal stratum of involuntary muscle. These layers are not 
sharply defined, but are blended with one another by numerous 
oblique bundles. The outer adventitious coat consists of a dense 
fibrous tunic, rich in elastic tissue, which contributes greatly to the 
strength of the vaginal walls : this fibrous coat is best developed in 
the anterior wall of the canal, where it closely unites the vagina to the 
bladder, and encloses within its firm, compact mass the urethra. 

The blood-vessels of the vagina are very numerous ; the larger 
twigs break up within the submucous tissue into smaller vessels, 
which pass to supply the muscular coat and the mucous membrane. 
Those entering the latter terminate in capillary loops lying beneath 
the epithelium and within the papillae. The veins correspond with 
the larger arteries, but, in addition, form dense plexiform net- 
works beneath the serous coat. Around the entrance of the vagina 
the number and size of the venous channels give the submucous 
coat the character of cavernous tissue. 

The lymphatics form net-works within the mucosa and muscularis, 
which unite with the larger lymph-channels within the adventitia. 

The nerves supplying the vagina, derived from the hypogastric 
plexus and fi'om the sacral and pudic nerves, consist of both pale 
and medullated fibres. Numerous microscopic ganglia occur in con- 
nection with the sympathetic fibres. Special end-bulbs, or the 
genital corpuscles of Krause, exist within the vaginal mucosa. 

THE GENITALIA. 

The labia majora consist of the folded integument enclosing an 
abundance of adipose tissue, together with blood-vessels, nerves, 
glands, and bundles of involuntary muscle ; their outer surface 
corresponds to the usual integument of the vicinity, while internally 
the delicate skin resembles somewhat in appearance a mucous mem- 
brane. The median surfaces of the labia contain little fat, but, on 
the other hand, many bundles of elastic and unstriped muscular 
tissue. Sebaceous follicles and sweat-glands are numerous, 
but they are more plentiful on the outer than on the inner surface of 
the labia. Owing to the unusual quantity of pigment contained 
within the deeper layers of the epithelium, the labial integument is 
especially dark. 

The labia minora, or nymphse, include between their folds 
of delicate skin vascular areolar tissue ; their external surfaces 
resemble closely in appearance the adjoining integument of 
the external labia, with which they are continuous. Vascular 



THE FEMALE REPRODUCTIVE ORGANS. 



237 



papillae and well-developed sebaceous follicles are common to 
both sur&ces of the nymphae, but sweat-glands, hairs, and fat are 
wanting. The interior of the nymphae contains venous spaces in 
abundance, which, in connection with the unstriped muscle also 
present, produce a layer resembling erectile tissue. The blood- 
vessels of the labia majora are similar to those supplying the integu- 
ment ; in the nymphae the mucous surfaces are beset with vascular 
papillae, which contain the terminal capillary loops. 

The l3rinphatics consist of the interfibrillar lymph-clefts and the 
more definite channels which are present as small lymphatic vessels 
accompanying the larger blood-vessels from the areolar tissue. 

The nerves of the nymphae, derived fi*om branches supplying the 
lower part of the vagina, include both meduUated and pale fibres : 
numerous special end-bulbs, the genital corpuscles of Krause, 
represent the particular terminations. 

The clitoris largely repeats the structure of the corresponding 
male organ, subject, however, to the modifications incident to the 
feebler development of the parts. The glans possesses small and 
large papillae, which contain simple and compound arterial tufts, 
while some of the smaller elevations are occupied by the peculiar 
nervous end-bulbs or the genital corpuscles. Sebaceous follicles 
also surround the glans and are present in the outer layer of the 
prepuce ; on the glans itself they are almost wanting. The erectile 
tissue constituting the diminutive corpora cavernosa and the glans 
consists of the same elements as the corresponding structures of the 
penis. 

The mucous membrane lining the vestibule, continuous with the 
skin covering the inner sur&ce of the nymphae, passes iijward 
into the vagina and the urethra. A thick layer of stratified squa- 
mous epithelium rests upon a tunica propria containing bundles 
of elastic tissue, and many mucous follicles, the latter being espe- 
cially abundant in the vicinity of the urethral orifice. The submucous 
tissue around the vestibule and base of the nymphae is so generously 
supplied with intercommunicating venous channels that in many 
places the part assumes the characters of erectile tissue. 

The glands of Bartholin are two round or oval yellowish bodies, 
about I cm. in diameter, lying on either side of the lower part of 
the vagina. These structures are the homologues of Cowper* s glands 
in the male ; they are racemose glands, composed of small groups 
of acini lined with clear mucous cells. Each gland is connected 
with the inner surface of the nymphae by a long slender duct lined 
with low cuboidal epithelium. The character of the secretion of 
these glands is muco-serous. 

The female urethra differs from the canal in the male in being 
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short, very dilatable, and of large size. Its walls consist of a mucosa, 
composed of fibrous tissue intermingled with many elastic fibres and 
containing large numbers of leucocytes, and an epithelium of the 
stratified squamous variety, continuous with the transitional epi- 
thelium of the bladder on the one hand and with the epithelium of 
the vestibule on the other. The mucous membrane of the urethra 
presents longitudinal folds, especially on the posterior wall, and con- 
tains many tubular mucous glands ; several of these, near the 
urethral orifice, are of large size. Near the vestibular end of the 
canal on either side are found the rudimentary paraurethral 
ducts or tubes of Skene. Outside the submucosa follows in- 
voluntary muscle, disposed as an inner thin longitudinal and an 
outer thick circular layer. 

THE HAMHARY GLANDS. 

The mammary glands are usually described in connection with the 
female reproductive organs, although these structures are only modi- 
fied and specialized sebaceous integumentary glands ; strictly re- 
garded, the mammcE, therefore, belong to the consideration of the skin. 
Elach mamma consists of from fifteen to twenty distinct tubo- 
racemose glands or lobes, which are held together by connective 
tissue and united into a single hemispherical mass by adipose tissue, 
which fills all irregularities and interspaces between the divisions of 
the oigan. Each lobe, supplied by its own excretory duct, is sub- 
divided by penetrating fibrous septa into lobules, which, in turn, are 
composed of groups of individual acini. The histological details of 
the secreting portions of 
the organ vary with the 
stages of its functional ac- 
tivity: the following de- 
scription applies to the 
active glands as seen 
during lactation. 

The acini, usually tu- 
bular or saccular in form, 
are grouped together to 
constitute the lobules ; 
limited by a distinct 
membrane propria, 
they are lined by a single 
layer of short columnar 
'"■ or polyhedral epithe- 

lial cells, whose protoplasm differs in appearance with the condition 
of secretion. At rest, these cells are uniformly granular; as secrc- 
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don advances, their granular protoplasm becomes broken up and 
displaced by the accumulation of oil-globules within the cell ; these 
minute oil-drops exist at first as minute separate particles, which 
gradually increase in size, until finally tbey become confluent and 
fbnn a single large globule, which occupies the greater part of the 
eadre cell ; the nucleus in consequence is displaced towards the 
penphery, next the basement- membrane, where it lies embedded 
within the thin belt of protoplasm occupying the outer zone of the 
(xlL During secretion the acini possess a comparatively wide 
lumen, since the epithelial layer forms but a narrow lining to the 
irregular spherical or tubular spaces. The cells within a single acinus 
oiten contain very unequal amounts of oil ; some of the elements 
are so loaded that the entire cell is occupied by the oil-drop, while, 
on the other hand, the neigh- 
Wing cells may contain so 
little oil that the presence of 
the feity particles is masked 
by the general protoplasm. 
Between the extremes all gra 
6tion5 may be found. Upon 
reaching a certain tension, the 
contained oil-globules, es- 
caping in the direction of least 
resistance, are discharged into 
Ik cavity of the acinus, where 
they, together with the gran- 
ular dftris of old epithelial s«.ion =f hum.. ■=.n,n,.ry gl..d mcl„d,n,«, 

cells, are collected within an =j .=i- (« cng.g.d .,. >i..EE^.h jcotuod of mik 
albuminous fluid and consti- t-^^lt^'^ZT'i^t'''"''''^'''''' '''""' 
lute the lactiferous secre- 

tion. The assumed destruction of the epithelial cells following the 
<^5cha^e of the oil-globules is improbable, since the cell then simply 
enters upon a period of rest and repair, during which its powers of 
seoetion are recuperated. In the earliest stage of the activity of the 
nummary gland, when the flow of milk is first established, the acini, 
m many cases, still retain their primitive condition of solidity ; 
while the cells at the periphery remain as the secreting elements, 
those occupying the centre of the acinus undergo fatty degeneration, 
^'""f become disintegrated, while others are cast off as masses which 
constitute the colostrum -corpuscles found in the milk during the 
lifst few days. 

The secretion accumulated within the comparatively large alveoli 
•s earned off by the terminal branches of the ducts, whose walls 
consist of a basement-membrane and a single layer of low colum- 
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nar or flattened epithelium. The lat^ excretory ca 
galactophorous ducts, each of which collects the secret 
an entire lobe, pass as distinct tubes to the nipple ; they pos 
of considerable thickness, composed of fibrous and elastic ci 
tissue, together with some unstriped muscle derived from th 
The lining epithelial cells are columnar to within a few m 
of the external openings of ducts, where the epithelium 
stratified and continuous with the apidemiis. The fifteen 1 
excretory ducts, after a longer or shorter course, converge 
the areola, within whose area they undergo considerable i 
to form the ampuUe, which serve during lactation as t( 
reservoirs for the milk. 

The nipple consists, in addition to the external coverin 
mented and greatly wrinkled skin which is perforated at it 
the openings of the excretory milk-ducts, of a central mass c 
of the lactiferous canals and the blood-vessels embeddt 
the fibro-elastic tissue. A considerable amount of unstripi 
cle exists, disposed as encircling and radiating fibres ; i 
contraction of this muscle, which responds to mechanical 
the erectility of the nipple principally depends. The cu 
papillEe are supplied with numerous nerve-terminations, whii 
a high degree of sensitiveness. The subcutaneous tisst 
nipple propei 
no fat; aroun 
and over th 
elevations n 
orifices of 1 
tered groups 
racemose s 
which consti 
glands of 
gomeiy. 
tegument 
areola sun 
the base of tl 
usually posse 

" siderable p 

ch^g«".r»r i™?„n™T'"^io^l"o? du",'''^^ "pwft^i," ^^ amount g 

r.fMcdii: rf,lnlcrlobialuconn»clivr limit. ' ' CrCaSlUg duH 

nancy ; large 
glands and numerous well -developed sebaceous follicles 
present within this area. 

The relative proportion of the glandular structure to d 
venmg connective tissue varies with the condition of iiinctiona 
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of the organ. During lactation the secreting tissue predominates, 
and the septa are reduced to mere partitions ; before pregnancy 
has taken place the connective tissue and fat form the bulk of the 
organ, the glandular structures then being represented by the system 
of ducts and excretory tubes, since the acini are present only as 
small solid rudimentary cylindrical cell-masses. After lactation 
the secreting parts of the organ atrophy and become much less con- 
spicuous, some of the acini almost entirely disappearing, while con- 
nective tissue and fat constitute the greater part of the mamma. 
The termination of the period of sexual activity is followed by the 
permanent atrophy of the gland-tissue, which finally is almost 
complete, the entire mamma being then composed of connective 
tissue and fat, with scarcely a trace of the former conspicuous se- 
creting structures. The rudimentary breasts of children of both 
sexes, and of the adult male, contain principally connective tissue, 
in which excretory ducts, attached to small groups of immature 
Acini, lie embedded. Under exceptional circumstances the male 
mammary gland may secrete true milk. 

The principal blood-vessels supplying the mammary glands run 
mostly in the superficial tissues somewhat radially towards the areola ; 
fi'om these vessek on the anterior surface of the organ branches 
penetrate into the glandular mass and pass between the lobules, 
giving off twigs which break up into capillaries enclosing the alveoli. 
The cutaneous papillae are supplied with capillary tufts where not 
occupied by nervous structures. The vascular supply of the nipple, 
while generous, does not include cavernous tissue, the erectility of 
this part being due largely to the muscle. 

The lymphatics include the radicles enclosed within the fibrous 
septa of the gland, as well as a net-work of subcutaneous lymph- 
canals within the more superficial portions of the organ. The 
lymphatic vessels are closely related to the surrounding chain of 
lymphatic glands, as well as to those within the axilla. 

The nerves are distributed more richly to the superficial, cutaneous 
I»rts of the organ than to its secreting tissue. They are principally 
n^eduliated fibres, those supplying the papillae of the nipple and the 
^eola in many cases ending in special tactile corpuscles ; the 
nerves entering the base of the nipple often bear corpuscles of Vater. 
The deeper parts of the glands receive principally the pale fibres 
<lestined for the control 'of the blood-vessels, not, however, to the 
exclusion of medullated fibres ; ganglion-cells have also been ob- 
served in connection with the latter. 

Milk is composed microscopically of a cldar fluid, the milk- 
plasma, in which numbers of small oil-globules, 2-5 ti in diam- 
. eter, together with the granular d6bris of disintegrated cells, are 

16 
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suspended. These globules do not coalesce, owing to the probable 
presence of a delicate envelope of casein. The addition of acetic 
acid or of caustic potash destroys the 
Fig. 378. envelope and liberates the oil-droplets, 

which then run together, forming ir- 
regular masses. Human milk is usu- 
ally alkaline. 

The milk secreted during the first 
few days after delivery contains 
large latty granular - looking bodies 
known as colostrum - corpuscles ; 
these bodies probably represent the re- 
mains of a portion of the epithelial cells 
which at one time occupied the centre 
of the then solid acini, but which underwent fatty degeneration and 
partial destruction on the establishment of lactation. 

The development of the reproductive ot^aos comprises the 
genesis of two distinct parts, the sexual glands, and their excre- 
tory ducts. 

In order to understand the formation of the reproductive organs 
it is necessary to recall the condition of the foetal excretory structures 
prior to the appearance of the sexual glands, since the Wolffian body 
and its duct play important r$les in the subsequent development of 
the generative tract. The TVolffian body consists essentially of a 
long tube, the W^olffian duct, which extends parallel with the ver- 
tebral axis throughout the lower part of the body-cavity, and of the 
transverse Wolffian 
F'c- V9- tubules, which join the 

duct generally at right 
angles, so that the two 
parts of the Wolffian 
body are frequently 
compared to the back 
and the teeth of a comb. 
The tubules are tor- 
tuous, and bear close 
relations with tufts of 
convoluted capillary 
blood-vessels, much the 

__ same as the uriniferous 

c^viiy:^, mdiffcRniKxuaigUDdt. tubules do in the Mal- 

pighian bodies of the 

kidney. Sometime after the establishment of the Wolffian body and 

its duct, a second canal, the Miillerian duct, makes its appearance ; 
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this tube lies parallel and in close proximity with the Wolffian duct, its 
cephalic end opening into the body-cavity, while its lower extremity 
terminates at first within the cloaca and later within the uro-genital 
sinus. It is necessary further to distinguish three groups of the 
Wolffian tubules, since the late of these portions of the fcetal organ 
varies ; these divisions are the anterior group, constituting the pro- 
nephros, the middle or sexual segment, and the posterior rudi- 
mentary tubules, which give rise to atrophic structures. 

The development of the sexual glands includes a primary 
indifferent and a later specialized stage. 
During the period when the Wolffian body F'g- »*). 

has attained its greatest growth there ap- 
pears on the ventro-mesial surface of the 
organ a localized thickening of the meso- 
thelial elements. This proliferation pro- 
duces an eminence, the earliest trace of the 
sexual gland. This for some time is in- 
different, since its appearance is identical 

in the two sexes. The indifferent sex- ■liimmgUiciMttgtnnin.iepiUK- 
ual glands soon exhibit two kinds of [l^npmi!Cri*ooof^^h!h'u'^ 
elements, the loosely- packed proliferated >, i"sc primDrdni irxuai uiii. 
small mesothelial elements and the 
sparingly- distributed much larger primordial sexual cells. 

In the male, the further changes within the sexual gland include 
extended proliferation of the early mesothelial elements and their 
grouping as epithelioid cylindrical masses, the sexual cords ; within 
the latter lie the lai^e primordial sexual cells, their number, however, 
in the developing testicle being distinctly smaller than in the corre- 
sponding female organ. The sexual cords become the seminiferous 
tubules, remaining solid cylinders throughout foetal life. The par- 
ticular fate of the lai^e sexual cells is still uncertain. The surround- 
ing mesodermic tissue grows into the mesothelial mass and contributes 
the intertubular connective tissue as well as the denser portions of the 
framework represented by the tunica albuginea and the trabecuUe. 

The system of canals forming the connection between the testicle 
and the epididymis, including the vaaa efferentia and the coni 
vasculosi, are derived from the tubules of the Wolffian body ; 
by the ingrowth of these canals into the embryonal testicle the isolated 
sexual gland is provided with excretory passages. Other remains 
of the lower tubules of the Wolffian body constitute the para- 
didjTnis. The main tube of the epididymis and the vas deferens 
are the direct representatives of the \Volffian duct. 

The Miillerian duct in the male is atrophic, since its extreme 
anterior and posterior parts alone persist ; these remain as the non- 
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Stalked or sessile hydatid, in close relation with the epididymis, 
and as the short diverticulum opening into the prostatic portion of 
the urethra, the uterus masculinus or sinus pocularis, which is 
therefore the homologue of the v^ina and uterus. 

In the female the indifferent sexual gland early exhibits a grouping 
of the mesothelial elements into cylindrical masses, the sexual cords, 
which in the ovary, however, retain a. closer connection with the ger- 
minal mesothelium than do those of the testicle. Many groups of 
epithelial elements are disposed vertically to the free surfece of the 
organ, and constitute the primary egg-tubes. In the ovary, as in 
the testicle, the sexual cords contain the large sexual cells, the latter 
being much more plentiful in the female than in the male gland. The 
ovarian stroma originates 
F later as a secondary mgrowth 

of the surroundmg mesodenn 
between the groups of sexual 
cells The genetic relations 
between the embryonal ele- 
ments particularly the large 
cells and the ova and the 
follicular cells of the fully- 
formed ovary are stJl indefi- 
nite It may be assumed as 
established however, that 
both these constituents of the 
later organ are denved from 
the cells constituting the sex- 
s«ii n of o » (rom « oun ii tn a o nnun "^^ cords and therefore, in- 
neioihEiiuo or gtrminni epiihfiiuni, conuinmg iwgr directly from the ovarisn 
TJ!!^^J^Lt'Z^^W.„t!^^-°'"^"°"'' mesothelium or primitive 
germinal epithelium. 
Whether the large sexual cells are the direct ancestors of the ova 
alone or contribute to the production of the follicular elements as 
well is uncertain, but it seems probable that the later ova are the 
immediate descendants especially of the large sexual cells. 

Thepassagesprovidingfor the escape of the product of the ovaries, 
the ova, are derived from the MuUerian ducts, their anterior seg- 
ments remaining distinct tubes, the oviducts, while their middle and 
posterior divisions become fused and form respectively the Uterus 
and the v^ina. The Wolffian body and its duct in the female 
are represented by rudimentary structures, the parovarium and the 
paroophoron. The horizontal head-tube of the former is the 
persistent anterior segment of the Wolffian duct, while the shorter 
vertical branches are the remains of the Wolffian tubules. The 
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presence of a number of the rudimentary canals which constitute the 
tower atrophic segment of the Wolffian body produces the obscure 
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Paroophoron, the homolc^jue of the paradidymis. The greater 
P^rt of the Wolffian duct atrophies in the female ; when it persists 
^s a pervious canal it becomes the duct of Gfirtner. 
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CHAPTER XIV. 

THE RESPIRATORY ORGANS. 

The respiratory tract consists of two parts, — ^the system of air- 
passages, including the nasal fossae, pharynx, larynx, "trachea, and 
bronchial tubes, and special organs, the lungs, devoted to the per- 
formance of the respiratory function. 

THE LARYNX. 

- The larynx consists of the cartilaginous framework formed by 
the thyroid, the cricoid, the arytenoid, and the other smaller car- 
tilages of Wrisberg and of Santorini, united by the ligamentous 
membranes and the bands of fibrous tissue, and lined within by 
mucous membranes ; on the outside the cartilages are covered by 
fibrous and muscular structures. 

The mucous membrane of the' larynx possesses the same con< 
stituents as does that of the pharynx, — namely, an epithelium and a 
tunica propria ; beneath the latter lies the submucosa. 

The epithelium covering the* free margins of the epiglottis 
and partly the larynx as far as the false vocal cords is stratified 
squamous in character ; at the lower edge of the fals6 vocal mem- 
branes the epithelium becomes stratified ciliated columnar, which 
type is retained throughout the ventricle of the larynx. Over the 
true vocal cords the epithelium once more becomes stratified 
squamous, beyond which point the stratified ciliated columnar 
character is again resumed and retained throughout the trachea 
and the bronchi. Numerous taste-buds, identical in structure with 
those of the tongue, lie embedded on the posterior sur&ce of the 
epiglottis. 

The tunica propria of the larynx is composed of fibrous connec- 
tive tissue, with which is mingled an especially rich net-work of elastic 
fibres ; the true vocal cord consists of the free lateral margin of the 
crico-thyroid ligament covered by mucous membrane ; over the 
fibro-elastic basis of the cord stretches the mucosa clothed by strati- 
fied squamous epithelium and re-enforced externally by the &sciculi 
of the thyro-arytenoideus muscle. In addition, large numbers of 
leucocytes lie scattered throughout the mucosa ; in the posterior 
surface of the epiglottis, the false cords, and the ventricle of the 
larynx the leucocytes are so numerous within the subepithelial tissue 
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6at the mucosa assumes the character of diffuse adenoid tissue. 
The superficial part of the tunica propria is beset with papilbe, best 
developed in those regions which ^e covered with squamous epi- 
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"'^'iuiti. ^The deeper layer of the mucous membrane is of loose 
^cture, and passes into the still looser tissue of the submucosa, 
*nich serves to attach the mucous membrane with the surrounding 
^sr structures. In places the submucous tissue contains mucous 
•'^lliclcB, .2-1 mm. in length, lined with columnar cells, many of 
*«ich are dbtended with mucous secretion, even to the condition of 
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goblet-cells. The minute groups of glands in the epiglottis he em- 
bedded within the pits and openings in its plate of cartilage. The 
true vocal cords are destitute of 
Fio »84- mucous glands. 

The cartilaginous frame- 
vrork of the larynx consists prin- 
cipally of hyaline cartilage ; to 
this variety belong the thyroid, 
the cricoid, and the greater part 
of the arytenoid cartilages. 
The epiglottis, the apex and 
the processus vocales of the aryt- 
enoid cartilages, together with 
the cartilages of Wrisberg and 
of Santorini, are formed of the 
yellow elastic variety. The 
little nodules embedded within the 
lateral thyro-hyoid ligaments, the 
cartilagines triticeee, are some- 
times composed of fibrous, at other 
times of yellow elastic cartilage 
On the outer side fibrous connec 
tive tissue connects the perij 
chondriutn with the surroundin; 
structures, the attachment of the muscles being effected ba 
tendinous tissue directly continuous with the investment of th- 
cartilage. , 

The blood-vessels supplying the interior of the larynx termina- . 
within the mucosa in capillary net-works beneath the epithelium ; 
those parts where papillae exist these are provided with vascuLj 
loops. 

The lymphatics exist as a superficial net- work of small vess^ 
within the mucosa, and a deeper set, composed of much lar^E 
channels, within the submucous tissue ; these latter vessels are 
exceptional size on the anterior surface of the epiglottis. The ly^ 
phoid character of the mucosa in certain localities has alre;=s 
been noted ; local aggregations of such cells in the form of lyni^^ 

follicles are encountered in man sometimes, and constantly in ^ 

of the lower animals (dog, cat). 

The nerves distributed to the laryngeal mucous membrane^ 
composed principally of medullated fibres, although pale fibres 
present 
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THE TRACHEA. 



The trachea in its general structure resembles the lower part of the 
larynx : it consists of a fibrous tube, lined by the mucous mem- 
br&ne, and strengthened and ■kept open by a series of incomplete 
cartilaginous rings. 

The mucous membrane of the trachea is lined by stratified 
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ciliated columnar epithelium 
among whose elements he num 
bcrs of goblet cells The current 
estabhshed by the ciliated eptthe 
lium tends to expel mucus or other 
substances. 

The tunica, propna is conspic 
uous on account of the large 
amount of elastic tissue which 
it contains ; owmg to the disposi 
tion of the elasti fibres two zones 
are recognizable an inner loosely 
thrown-together fibrous layer, 
containing some elastic tissue vas 
cular loops, and nerve fibres to ' 
gether with numerous lymphoid " 
cells, and an outer layer, next the n. 
submucosa, made up largely of * 
close net -works of longitudinal 
elastic fibres^ The elastic fibres 
are particularly robust and abun a 
dant along the posterior membra- '■ 
nous wall of the trachea, between a 
the ends of the cartilages. f..^ 

The submucosa is loosely ar- 
ranged, and connects the mucosa with the fibrous sheath, as well 
as supports the glands and larger blood-vessels, lymphatics, and 
nerve-trunks. The tracheal glands are represented by numerous 
small groups of racemose structures which occupy the submucous 
layer and communicate with the mucous surface by means of the 
long excretory ducts. The latter are lined with low columnar 
epithelium, while the acini contain cuboidal cells. 

The fibrous coat lies external to the submucosa and forms a 
complete investment in which the cartilaginous rings are embedded. 
These latter are C-shapcd masses of hyaline cartilage, embracing 
almost three-fourths of the tracheal tube. The remaining cleft is 
bridged by the continuation of the fibrous tunic supplemented by 
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a layer of transversely-disposed bundles of non-striped muscle* 
These latter extend for some little distance along the inner side of th^ 
cartilages, to whose perichondrium they are attached. The muscle 
not only exists between the ends of the c^rtilagitidtis plates, but also 
passes across in the intervals between these, thus coastituting a con- 
tinuous layer, which serves to itaxjow the tnb^; In addition ^o 
the transverse bundles, a few loiigHiidinal .muscular bands a.^ e 
present. The outer surface of the fibrousHtttmc is connected witb 
the surrounding structures by loose areolar ^ssue. 

The larger blood-vessels pass to thCsubmucosa, from whi 
smaller twigs are given off to supply the. mucous membrane an- 
partially, the fibrous and cartilaginous structures. The vessels 
nate within the mucosa in a net-work beneath the epithelium ; t 
acini of the mucous glands within the submucous layer are surround 
by capillaries. 

The lymphatics of the trachea are numerous within the muco 
and submucous coats, where they constitute plexiform arrangeme 
of large, irregular, thin-walled channels. Lymphatic tissue in t 
form of solitary follicles also occurs. 

The nerves contain both meduUated and non-medullated fibr 
The larger trunks pass within the submucosa and send smaller fib 
into the mucosa, where they course as minute naked fibrillae ; t — - 
exact mode of their ending is unknown. 

THE HRONCHI. 

The larger bronchial tubes repeat almost exactly the struct«_^ 
of the trachea, with such modifications as result from the sligh. "fl 
general development of the several coats incidental to the grad "^i- 
reduction in the size of the tubes. 

On reaching the small bronchi the epithelium is reduced^ 
a single layer of ciliated columnar cells. The thickness of 
mucosa at first is not greatly diminished, since the loss sustained 
the thinning of the elastic tissue of the tunica propria is compensa. 
by the appearance of an additional layer of non-striped mu&> 
situated at the outer border of the mucosa, next the submucosa ; 
layer, which corresponds to a muscularis mucosae, forms a a 
plete investment, especially conspicuous when the cartilaginous pi 
diminish. The ring-cartilages of the bronchi become redu< 
size, then broken up, and finally replaced by irregular short pla^ 
these, becoming smaller and infrequent, embrace gradually h 
the circumference of the tube, until in the bronchial twigs oC 
diameter of about one millimetre they altogether disappear. 

By repeated division the bronchial tubes become greatly redi 
in size, the reduction being accompanied by the changes alri 
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noted ; when the diameter of the twig no longer exceeds one niilli> 

metre the tube is termed 

a termmal bronchus. Fia- 2B6. 

According to Miller 
the distal extremity of 
the termmal bronchus 
communicates with 5e\ 
eral sphencal cavities 
the atna Each of the 
Utter in tnrn opens mto 
a group of larger and 
less regular spaces the 
air sacs into which di 
rectly open the ultimate 
air spaces the alveoli 
or air cells The latter 
open not only into the 
air sacs and atria but 
also beset the alveolar 
ducts as minute saccula 
tions that impart an ir 
regular contour to the 







The walls of the terminal bronchial tubes consist at first of a 
single layer of ciliated columnar epithelium, outside of which the 
mucosa contains longitudinal elastic fibres 
and thin, irregular, annular bundles of non- Fio. aS?, 

striped muscle. The mucous glands and 
the cartilaginous plates are wanting in the 
terminal tubes. Within the latter the ciliated 
cells disappear, a simple columnar epithelium 
existing for some distance, which, in turn, is 
replaced by cuboidal cells on approaching the 
atria. 

The walls of the irregular atria suffer still 
hirther reduction, the fibrous coat becoming 
greatly thinned, while the mucosa is reduced to 
a delicate tunica propria of fibro-elastic tissue, 5^™'c''™o^"ic^"T»Tr' 
in which bundles of non-striped muscle may «iii(o-'Bnncheaorpuima- 
remaln. a^ o? "^m"""" «in ue« 

The epithelium of the smaller passage, at pcripiny. intnitr.) 
first low cuboidal in character, rapidly assumes 
a flat polygonal type ; towards the air-sacs large flat plates appear 
among the smaller polygonal cells, and become more numerous as 
these terminal divisions of the air-passages are neared. 
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Within the irregularly round air-sacs the epithelial lining consists 
of the large flat endothelioid plates, or respiratory epithelium 
between which elements diminutive groups of the smaller polygons 
cells appear. In the air-cells, presently to be described, the !arg* 
plate-like elements of the respiratory epithelium chiefly constitun 
the lining. 

THE LUNGS. 

The lungs, with their system of air-tubes, correspond in plan c 
structure and in development to racemose glands, the excretory 
ducts being represented by the bronchial tubes, and the glandula 
tissue by the pulmonary parenchyma. The latter is built up c 
groups of air-sacs enclosed by connective tissue to form lobules 
which are associated in larger groups ; these latter in turn are unites 
into the lobes. All these divisions are connected by alveola 
tissue, the external surface being additionally covered by tl- 
plema. 

By the division of the terminal bronchial tube into the sevei^ 
atria, and the subsequent origin from these of the air-sacs ar:: 
the alveoli, the part of the pulmonary parenchyma in communic= 
tion with a single terminal bronchiole forms a pyramidal mas^ 
whose apex corresponds to the terminal bronchus, and who= 
base, when reaching the free surface, appears as one of the polyga 
nal areas markji- 
the exterior of 
lung. These la; 
polygonal tiel<H 
made up of ma^ 
smaller areas whi— 
correspond to t 
groups of the al\— . 
oH, are often defin 
with great distin^ 
ness by the pigmi 
accumulated witi 
the conne 
sue separating 1 
adjacent lobules. 

Scclionof bummnluni; a, i.m» ind .ir-Mci ml in Tuiorndtw:- The ultimate a- 

rf"™J!;ct!«°!i^ur«!^'^Jr™n^i,Cl'o f" '" '.m,"™* *=*"*• ""■ alveoli- 
liciei (*)- the lung repres 

the aciniof raceme 
glands, the similarity being especially marked in the uninfla— 
organ, which still retains its glandular character. Opening into 
cavity of the expanded air-sacs and the less uncertain atria. 
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are placed closely side by side, and by mutual pressure be- 
polyhedral. Around the opening or base of the alveolus, 

it communicates with the air-sac wall, the elastic tissue of 
ter is arranged as a ring, from which elastic fibres pass in all 
ons over the air-sac to form its framework. 
■ vrall of the alveoli comprises the epithelium, the con- 
'C'tissue framework, and the capillary net-work. 

epithelial lining is represented chiefly by a single layer 
ge plates, closely resembling endothelium in silvered prepara- 
among which 

- - - Fic, 1S9. 




SeciloB of iltTtred lung DTkillcii.iDcliHUiigiwRloinoI two alvxill 

■nd'trium: «, miDKll poljrbedral ephkcllAt edit cavering dkul 

pul of AlriUEa; ^j fibto-«lu(JC fnucvork; f, l^ige flMtmed cpt 

"ftl plAiem lining Alveoli, Among vhicb lie •mKll groups of Iha 

rcd1i(</). 

The small 
herefore, are to be regarded as genetically identical with 
-ger, the only difference being that the smaller have never 
gone the expansion to which their neighbors have been sub- 
; during forced expiration the larger cells become diminished 

Between the cells, frequently at the juncture of the angles 
sral, minute pseu dq^st o mata may exist ; they usually con- 
ith microscopic passages leading into the lymphatic channels. 
ans of these channels particles of inhaled foreign matters, 
leeply pigmented, are carried from the air-sacs into the lym- 
i, and become lodged within the interlobular connective tis- 
Additional particles are carried into the tissues by means of 
andering lymphoid cells which occur within the epithelium 
air- sacs and air- passages. 

■ framewrork of the alveoli is composed almost entirely of the 
C fibres springing from the annular bundle surrounding the 
1 of the sac. These fibres unite to form a net-work which 
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completely surrounds the alveolus and constitutes the septum be- ^ 

tween the adjoining air-cells, at the same time supporting the capillary ^ 

vessels and the investing epithelium. In addition to the elastic fibres, .^ 

a very small quantity of fibrous tissue, with a few connective- tissue 
cells, aids in the construction of the alveolus. , , 

The capillary net-work within the walls of the alveoli is re- 
markable for the closeness of its meshes, being one of the densest 
vascular net-works within the body. The larger arterial steir»-» 
take their course, in company wi '■^^ 
''"*■ '90- the veins, bronchioles, nerves, ar'^ad 

lymphatics, within the thick- ■« 
tracts of interlobular conne^^^- 
tive tissue ; the smaller twi^^B^ 
extend, among the groups of t "^x 
air-sacs, embracing the openin_ gs 

into the alveoli with more or li ^-ss 

complete rings, from which psr^ss 
the capillaries enveloping the 2m^ ir- 
' cells with net-works on all sid^^. 
Between the adjoining alveoli 1 5e3 
«: only a single layer of capill^B-ry 
^P^'^"^^** vessels, which, however, are ir»ot 
confined to a single plane, t^iit 
encroach alternately upon t-1*^ 
adjacent air-sacs as projecting arches or loops. 

While the interalveolar septa are reduced to a minimum, the t"^»*''° 
layers of respiratory epithelium lining the adjoining air-cells, «: tr%t 
scanty connective-tissue frameMvork and the capillary n^^"** 
work constituting their entire bulk, the alveoli belonging to diffi^^ *' 
ent, although neighboring, end-tubules are separated bydistiK"**^ 
connective -tissue partitions; these increase in thickness as -C^^ 
included divisions of pulmonary substance become larger, and re^*-*-'' 
their greatest development in the fibrous envelopes ensheath^ S-*^K 
and separating the lobes. 

Owing to the accumulation of the pigmented particles conve^^^^ 
by the lymphatics in the manner already described, the interinf«-»- ^i- 
dibular and often also the interlobular connective tissue preseat J^^-*!^ 
patches, the degree of discoloration varying from a few scatte;*"**^ 
irregular points to an intense almost uniformly black area. 1 ^^ 
presence of pigment within the connective tissue emphasizes ■K:M 
outlines and boundaries of the lobules with diagramnv^^^ 
sharpness. 

The blood-vessels of the lungs enter at the hilus along witim '*''' 
large divisions of the bronchus ; the smaller branches of the pul«"^«3''' 
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nary artery follow the air-tubes to their ultimate distribution, the 
arterioles extending along the respiratory bronchial tubes and terminal 
ducts as far as the interatrial septa. They there end in capil- 
lary net-'works which surround the air-sacs in the manner above 
described. In their course along the respiratory bronchial tubes and 
the terminal ducts the pulmonary arterioles give off twigs which form 
net-works around the air-cells besetting those passages. The 
blood of the alveolar net-works is carried away by the radicles of the * ^ l^^ 
pulmonary veins, which begin at the margins of the air-cells. 

In addition to the system of vessels derived from the pulmonary 
artery destined for the respiratory function, a second group, for 
the nutrition of the pulmonary tissues, is distributed by the 
bronchial arteries. These vessels run in company with the bron- 
chial tubes and the other blood-vessels within the interlobular con- 
nective tissue and give off twigs which break up into the capillaries 
immediately supplying the walls of the air-passages and associated 
structures. Additional capillaries supply the interlobular areolar 
tissue and the pleural tissues on the surface of the lungs. 

The numerous lymphatics of the lung are arranged as two sets, 
those originating within the connective-tissue septa and those 
arising in connection with the bronchial mucous membranes. 
Of the former two groups are recognized, one of which includes the 
channels beginning within the interlobular fibrous tissue and 
forming the lymphatics which accompany the branches of the pul- 
monary blood-vessels ; the other, the superficial set, arises by the 
radicles connected with the ' subpleural lymph-spaces, which 
communicate with the serous cavity of the pleura by means of the 
minute passages leading from the intercellular orifices of the pleural 
surface into the subjacent lymph-clefts. 

The bronchial lymphatics originate within the subepithelial 
lymph-spaces which communicate with the mucous surfaces of the 
air-tubes and the alveoli through the stomata; from the subepithelial 
plexus larger lymph-channels unite with others to form definite lym- 
phatic canals ; these accompany the blood-vessels to the root of the 
lung, where the superficial and deep lymphatics meet and are taken 
up by a few trunks of large size which pass from the lung to the 
bronchial lymph-glands. Masses of lymphoid tissue of varying 
extent are associated with the walls of the alveolar ducts and the 
bronchial tubes, as well as the subpleural and peribronchial areolar 
tissue. 

The nerves of the lung include contributions from both the cerebro- 
spinal and the sympathetic system. The nerve-trunks, made up 
of meduUated and pale fibres, enter the organ at its root and follow 
the air-tubes and the blood-vessels. Small groups of ganglion-cells 
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occur along their course. On reaching the smaller and the terminal 
ramifications of the bronchial tubes the nerves become broken into 
fine non-medullated fibrillae, which pass to the muscular tissue of the 
tubule as well as to the mucous membrane. The exact mode of 
final termination of the nerve-filaments within the pulmonary tissue 
is still undetermined. 



Fig. 291. 




Section of human pleura cover- 
ing surface of lung : «, endothe- 
lium : b, fibro-elastic stroma ; mv. 
cut bundle of muscle^ells; /, 
peripheral layer of pulmonary 
tissue. 



THE PLEURA. 

The pleura resembles in structure other serous membranes, the 
general characters of which have been already considered in Chapter 
VIII. It consists of an endothelial covering, a connective- 
tissue matrix, and subpleural tissue. The lining of the pleural 

cavity is not of equal thickness in all parts, 
the visceral or pulmonary pleura being thin- 
nest as well as most firmly attached, while 
the parietal or costal pleura is thickest, and, 
owing to the well-developed subptleural tissue 
existing in this region, less rigidly adherent. 
The endothelium of the parietal portion 
possesses cells more expanded and thinner 
than those covering the surface of the lung; 
the elements in this latter position vary in 
their size with the changes in the bulk of 
the pulmonary mass. Between the endo- 
thelial plates minute stomata exist, which through the minute cana- 
liculi indirectly communicate with the lymphatic spaces within the 
subjacent tissue. 

The stroma of the pleura consists of fine bundles of fibrous 
connective tissue intermingled with elastic fibres ; within the fibrous 
lamellae the intercommunicating lymph-channels form a plexus of 
considerable richness, which communicates on the one hand with 
the pleural cavity through the stomata and intervening canaliculi, and 
on the other with the neighboring lymphatics within the subpleural 
tissue. 

The latter where developed as a layer of some thickness, as beneath 
the parietal pleurae, is composed of loosely-disposed areolar tissue, 
containing many elastic fibres. Upon the lung the subpleural layer 
is intimately united with the pulmonary tissue, and forms a strong 
superficial fibrous envelope, in which bundles of non-striped 
muscle are also present. Within the stroma of the visceral pleura 
the blood-vessels form a wide-meshed capillary reticulum over the 
surface of the lung ; superficial vessels communicate with deeper 
branches surrounding the interalveolar septa. 
The nerves of the pleura occur as infi-equent stems, composed 
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principally of meduUated fibres ; fibrilke are traceable into the sub- 
pleural tissue, but their exact mode of ending is uncertain. 

THE THYROID BODY. 

In view of its topographical relations, as well as a matter of con- 
venience, it is usual to consider this organ in connection with the 
respiratory tract, although such association is only incidental and 
without foundation or morphological significance, unless its descent 
in common with the respiratory organs as an outgrowth from the 
pharyngeal entoderm be regarded in such light. 

The thyroid body is a compound tubular gland whose excre- 
tory canal, the thyro-glossal duct, in the early stages of the organ, 
connects the tubules with the mucous surface, where its opening 
corresponds to the foramen csccum, situated on the dorsum about 
an inch from the base of the tongue. After a short existence, long 
before the gland attains its full development, the thyro-glossal duct 

P G 19Z 
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undergoes atrophy and more or less complete obi terat on ; the acini, 
consequently become isolated closed cavities wh le the organ is 
often classed as a ductless gland 

The fully developed adult thyro d gland cons sts of numerous 
tubular acini, 40-1 10 ;» m diameter, united by intertubular areolar 
tissue into lobules ; these, in turn, are joined into lobes by still 
larger masses of connective tissue, which form on the outside of the 
or^n a general external fibrous envelope. 

The acini are completely closed, and lined with a single layer of 
cuboida! or \ovr columnar epithelium, whose component cells rest 
upon a distinct basement-membrane. The enclosed cavities differ 
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according to the size and the distention of the acmi ; they usually con- 
tain a viscid yellowish mass, the colloid substance, produced through 
the active agency of the cells lining the 
Fio. 993. acini. In addition to the characteris- 

^j^^gi^^Bfe^ tic colloid secretion, detached epithc- 

//^\\^^i(!h^^/d) lium, leucocytes, migrated plasma- 
f- ■' ' '■ ' "S cells, and in very many cases colored 

-■A 5' blood-corpuscles, are included within 

^■<.. ^ - the contents of the alveoli. The pres- 

ence of red blood-cells in various stages 
of disintegration has suggested the 
destruction of effete blood-cells as a 
possible function, in part at least, of 
ui?^2l'^r^h1cwL'"!"^"i^™ tiiis questionable organ. The inter- 
dinciioiu : f , colloid nuuriai dinendinf alveolar tissue Contains elements closely 

Ihe laKHi acini : ', inieracinDiu connective 1 , - , , , 

ii««7T',biood..««ii. resembling plasma-cells. 

The blood-vessels of the thyroid 
gland are exceptionally numerous, the arteries being remarkable for 
their large size knd very free anastomoses. From the larger 
branches, which run within the interiobular tissue, small twigs p^ass 
between the alveoli and break up into capillaries surrounding the 
acini with a close-meshed net-work situated immediately beneatli 
their epithelium. The venous radicles are also numerous, and lorxn 
the conspicuous superficial plexuses. 

The plentiful lymphatics occupy the deeper connective-tissue 
septa between the lobules as well as the fibrous envelopes surTouncii«Jg 
the lobes. The deeper lymphatics begin as spaces lying between 
the bundles of fibrous tissue close to the acini, and frequently contain 
characteristic colloid substance. Large superficial trunks, provided 
with valves, carry off the accumulations from the smaller canals. 

The few nerves which supply the thyroid gland are derived almt*** 
entirely from the sympathetic system. The fibres, therefore, are pni" 
cipally of the pale, non-meduUated variety, and seem to be distributed 
especially to the walls of the blood-vessels ; a few medullated fibres aJ* 
usually present, but the exact mode of their termination is uncertai"- 

The development of the respiratory organs begins as a ven- 
tral evaginatton of the entodermic lining of the primitive phary^*- 
The caudal extremity of this complex cavity abruptly narrows i'***' 
the cesophageal division of the primary gut tract. The earliest ■•*" 
dicalion of the formation of the respiratory apparatus consists in •;»** 
extension of the ventro-dorsal diameter of the primitive lEsopha^S'** 
at its pharyngeal end, in which plane it now appears as an irreguliW^y" 
compressed ellipse. 

The pulmonary evagination extends caudally for some distaim- *^' 



THE RESPIRATORY ORGANS. 



259 



Fig. 394. 



»hen its expanded extremity divides into two lateral diverticula ; 

jf these, the right, which is the larger and longer, 

iubdivides into three branches, while the left 

oezTS but two. These pouches correspond to 

die future lobes, and thus early establish the 

asymmetrical division of the future lungs. The 

pharyngeal end of the pulmonary tube becomes 

the larynx, while the remaining portions form 

the system of air-passages, including the tra- 
chea and the bronchial tree. In the further 
development of the bronchial ramifications the 
same general plan of division is repeated. The 
already -ex is ting tube divides dichotomously, 
but the limbs of the forks grow unequally, since 
the ventral bud becomes the continuation of 
the stem, while the other becomes a lateral 
branch. After the entire system of air-passages p„ of u^iui •«iioB 
is established the expanded ends of the terminal of devendmy ™bi»i cm- 
buds produce the ultimate divisions of the pul- d^ntui^T^^'' p"^1^ 
monary structure. While the entodermal vbmryn:,: r.r,'Tapini«y 
diverticulum thus takes part in the formation "dy™^'™''*'^ mcudu.' 
of the entire pulmonary tract, its contribution niic loMue. 
is limited to the epithelial lining of the alveoli 

and the air-tubes, while the remaining constituents of the respiratory 
organs are derived fi-om the mesoderm. The mesodermic tissue 





^f^ounds the enlodermic diverticula, constituting for a time a con- 

^'*^ous mass, into which the epithelial tubes grow. Subsequently 

* niesodermic area becomes so completely invaded by the rapidly- 
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developing system of primary air-tubes and alveoii that its relative 
quantity is greatly reduced, since it eventually is limited to the 
Fig mS. connective -tissue frameiwork of the organ. 

The appearance of the blood-vessels occurs at 
a later period. The derivation of the greater 
part of the digestive and of the respiratory 
tract is identical, — namely, the epithelial 
structures from the entoderm and the re- 
maining tissues from the mesoderm. 

The development of the thyroid body 
includes the history of two structures which 
originate independently, but which after a short 
^I'MhT^B Miai u!^- ''■"* '" ™^'" ^""^ other mammals become 
roid xna u epihciu] <»ii- blcndcd to constitute a single organ : in many 
J^iT^i'* "^ ™"o^^ animals, however, the mesial and lateral thy- 
(i): m, luniniiuiing muo- Told aTcas produce Organs which permanently 
''""■ remain distinct. 

The middle thyroid area, from which originates the trae thyroid 
body, appears as a ventral outgrowrth from the entodermic lining 
of the primitive pharynx at a position corresponding approxi- 
mately with the second visceral arch. The mesial outgrowth rapidly 
elongates, and afrer a time usually loses its attachment with the 







pharyngeal epithelium. The entodermic mass 
gradually leaves the primitive pharynx and as- 
sumes a close relation with the paired lateral 
thyroid areas, with which it eventually fuses. 

The lateral developmental areas of the 
thyroid body appear as ventral outgrowths 
from the entodermic lining of the fourth inner 
visceral furrow on either side. The epithelial 
evaginations become elongated cylindrical 
masses, which undergo active proliferation and 
extend their bulk as branching cords ; where 
these are at first solid they subsequently obtain 
a lumen, and for a time present the character of 
Km-iUynbbit embryo. In. tubutar glands. The later changcs iuclude the 
eluding laiini ihyroid ini approximation and final fusion of the two lateral 
.of^Iuih inm* ph^ryngcii ^""^ ^^ slnglc mcsial areas to form the thyroid 
fuuoo (/) : wt, lucTaiindinc body of thc mammalian type. The disappear- 
onodcrm. ancc of cxcFetory ducts and the ingrowth 

of the surrounding mesoderm result in the division of the organ into 
lobules and the isolation of the imperfectly-developed acini. Disten- 
tion of the latter by accumulations of colloid material follows the 
activity of the secreting cells within the ductless alveoli. 
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CHAPTER XV. _ .. 

THE SKIN AND ITS APPENDAGES. / -> 

THE SKIN. 

■ The skin consists of two parts ; the superficial epithelial layer — 
; the epidermis or the cuticle, derived from the ectoderm — and the 
f deeper connective -tissue layer — the corium or the cutis vera, de- 
j rived from the mesoderm. Blended with the corium and separated 
I from it by no sharp demarcation, the subcutaneous tissue exists 

Fio. 298. 
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usually as a stratum of considerable thickness, which forms a loose 
attachment between the skin and the adjacent structures. The in- 
t^:ument varies in thickness from .3 to 3.75 mm., being thicker 
on the back of the head, the neck, and the trunk than on their 
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anterior aspects, and thicker on the outer side ot the limbs than on 
their mesial surfaces. 

The epidermis, or the cuticle, is a highly developed stratified 
squamous epithelium ; while forming a protecting layer to the 
underlying sensitive corium over 
the entire surface of the body, the ^"^- 3™- 

epidermis varies in different regions •» - ~ ~ 
in some places, as on the eyelids 
and brow, not exceeding i mm m 
thickness, while in others is on the 
soles of the feet and the palms of 
the hands, it reaches almost i mm 
The epidermis is accurately adapted 
to the opposed sur&ce of the conum 
which is beset with papilla, so that 
when the two layers are separated "^^^ ' 





MalpighU; #, Ity" ^ columnar ctllt ncd 
luting pHpUluy tuycr of coEium. 

the under surface of the epidermis presents impressions or pits 
corresponding to the elevations of the rorium which they receive. 

The cells composing the epidermis are arranged in many 
irregular layers, the number of which depends upon the cuticular 
development in any particular region ; where well represented the 
layers are grouped into two sharply- defined zones, the inner, darker, 
softer stratum Malptghii and the outer, clearer, denser stratum 
corneum ; where highly developed the epidermis presents two 
additional zones, distinguished by the peculiar character of the pro- 
toplasm of their cells ; these layers are the stratum grsnulosum 
and the stratum lucidum. 

The stratum Malpighii, or rete mucosum, contains the rnost^ 
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recently formed and most actively growing elements, the deepest of 
which, next the corium, are perpendicularly placed and possess a 
distinct columnar character. The irregular and often slightly 
expanded bases of the deepest cells rest upon the thin basement- 
membrane, while their outer ends are surrounded by the more poly- 
hedral elements. 

Next the layer of columnar cells the elements become broader and 
polyhedral in form and possess the delicate protoplasmic spines 
characteristic of prickle-cells. 

The elements of the succeeding horny layer stand in marked 
contrast to those of the soft underlying Malpighian stratum, owing 
to the production of keratin within the protoplasm and the desicca- 
tion of the cells. These influences are seen in the superficial layers, 
in the disappearance of the nucleus, and in the reduction of the once 
large polyhedral cells into the thin compressed horny plates of the 
outer layer. 

At the inner border of the homy layer lies a thin band of cells, 
conspicuous on account of the marked granular appearance of their 
protoplasm ; these constitute the stratum granulosum, and con- 
tain granules of eleidin, a peculiar substance, probably identical with 
keratohyaline, staining intensely in certain dyes, and resulting from 
the cornification of parts of the epithelial elements occupying the 
outer layer of the stratum Malpighii. 

At the outer border of the granular stratum the horny elements 
begin; those lying next the stratum granulosum, however, are in- 
completely transformed into horny substance, and appear as an ill- 
defined narrow zone, the stratum lucidum, which contrasts strongly 
Vith the darker granular layer. Superficial to the clear zone lie the 
characteristic cells of the stratum comeum ; these epithelial ele- 
ments are enlarged and without nuclei, the outermost cells being 
compressed flattened horny scales, which after desiccation un- 
dergo desquamation and mechanical abrasion. 

Over those parts of the cutaneous surface where the epidermis is 
well developed and destitute of hairs, the stratum corneum differs 
somewhat from its usual condition in being composed chiefly of large 
distended bladder-like cells, which probably represent the superficial 
epitrichial layer of the embryonal skin. Where the epidermis is 
thin the stratum granulosum is imperfect, the stratum lucidum is 
wanting, while the superficial cells rapidly dry. 

Pigment-granules are widely distributed throughout the epider- 
mis, but it is especially within the deeper layers of the stratum Mal- 
pighii that accumulations are found to which the dusky hue of the 
skin of many races is due. The pigment-granules usually originate 
within the epithelial elements ; in some cases, however, they are 
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conveyed to the epidennis by means of migratory cells. The dark 
tint of the skin of the negro and of other colored races depends 
almost entirely upon the pigment within the epidermis, since in 
the adult integument the subepithelial tissue contains comparatively 
few pigmented cells. While micro- 
scopical examination shows the pres- 
ence of pigment some weeks before 
birth, the dark color is usually not 
evident until a day or two after- 
wards, owing to the opaque kyer 
of moist superficial scales which 
masks the underlying colored cells. 
The corium, derma, or true 
skin consists of a felt-work of bun- 
dles of white fibrous" connective tis- 
sue, with which elastic fibres and 
non-striped muscle are mingled in 
varying amounts. The corium is 
densest in its outer part, where be- 
neath the epidermis it is beset with 
papillae, which greatly extend the 
sensory surface and form the prin- 
cipal organ of tactile sensibility, 
d''.^ TyL^'J '^IrLTcZJX '^l The deeper parts of the corium are 
P«oitiii much looser in structure, since the 

bundles are coarser and more 
loosely disposed, fading away into the subcutaneous tissue. These 
dififerences have led to the recognition within the corium of an outer, 
deniicr stratum papillare and an inner, looser Stratum reticulare ; 
no sharp demarcation exists between the two, the papillary layer 
blending with the reticular, while the latter in turn passes gradually 
into the tissues of the subcutaneous stratum. 

The papillae vary in size, number, and disposition in different 
regions, being best developed and most numerous on the palmar 
surface of the hands and the fingers and on the corresponding parts 
of the feet, where they attain a height of .25 mm.; on the other 
hand, the papillse may be very slightly developed or even absent. 
These elevations consist of closely-arranged bundles of fibro-elastic 
tissue, and support the vascular loops together with the rich ter- 
minal nerve-supply; in certain localities the latter includes the 
highly- specialized tactile corpuscles of Meissner, the corpuscles of 
Vater, and the various end-bulbs which already have been described 
in Chapter VI. The simplest type of the papillae is the rounded 
or blunted conical elevation, but very often such projection becomes 
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cleft and converted into one of the compound variety. The 
papillae of the hand and the foot are distributed in characteristi- 
cally-arranged rows, which form elaborate, and for each individual 
constant and distinctive, ridges on the integumentary surface. These 
ridges have been found to retain their definite arrangement, or 
** patterns," fi-om early life to old age unchanged. This constancy 
in the details of the surface markmgs has been taken advantage of 
in securing records by means of impressions for the purposes of 
identification. 

Non-striped muscular tissue occurs within the corium in con- 
nection with the hair-follicles, as the arrectores pilorum, and in the 
subcutaneous tissue, attached to the under surface of the corium, 
in particular localities, as in the scrotum, the perineum, the penis, 
and in and around the nipple. 

The subcutaneous stratum consists of a reticular framework of 
loosely-disposed fibro-elastic bundles continued from those of the 
deeper layers of the corium without sensible interruption ; the inter- 
fascicular spaces are largely occupied by adipose tissue, which 
in many places forms a compact layer, the panniculus adiposus. 
The cellular elements of the subcutaneous tissue are the usual cells 
of connective tissue, including fusiform and plate-like elements, 
leucocytes, and fat-cells : while the latter are quite constant con- 
stituents of the deeper layers of the skin, within the integument of 
the eyelids, the penis, and the labia minora fat does not occur. 

THE APPENDAGES OF THE SKIN. 

These include the nails and the hairs, together with the cutane- 
ous glands, all of which are directly derived from the ectodermic 
epithelium of the epidermis. 

THE NAILS. 

Each nail consists of a large exposed body, which ends ante- 
riorly in the projecting free edge, and extends posteriorly as the 
root some considerable distance beneath the overhanging upper 
margin of the groove, or nail-fold, receiving the root ; at the sides 
the borders of the nail are covered by the nail-avails. The nail, 
which represents an enormously developed stratu m lucidu m, rests 
upon a highly vascular and sensitive nail-bed, the posterior portion 
of which, covered by the root of the nail, is the matrix. The nail- 
root is usually lighter in color and somewhat opaque, owing to the 
thickness of the stratum Malpighii ; on the thumb it extends beyond 
the nail-fold as a pale projecting convex area, the lunula. 

While attached throughout the extent of the nail-bed, the growth 
of the nail takes place from the matrix alone, each newly-formed 
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increment pushing before it the older already existing parts at the 
rate of about one millimetre per week. 

The nail-bed comprises the corium and that portion of the 
epidermis corresponding to the stratum Malpighii. The corium 
consists of the usual bundles of fibro-elastic tissue, which are arranged 
somewhat parallel to the long axis of the finger, the longitudinal bun- 
dles being supplemented by vertical ones extending from the perios- 
teum of the phalanx to the superficial layers. The minute elevations 




which occupy the sur&ce of the corium In transverse section are n 
true papilli. except posteriorly over the matrix, but longitudinal 
ridges. They are lowest behind and gradually increase in heighi 
towards the front of the nail, terminating abruptly at the point wh er ~ -^ -^^ 
the latter parts from its bed. The epithelial portion of the aaL^M — 
bed is principally composed of cells belonging to the stratum Ma, 
pighii, whose numerous layers fill up the inequalities between t 
papillae and the ridges of the corium below, and are sharply defines 
from the substance of the nail above. The transformation of tl- 
deeper cells into the horny plates of the nail takes place only ov^^ ■^ 
the matrix, where the constantly-recurring division of the epith- -^» • 
lial elements furnishes material for the growth of the nail. T h^K^ ^ 
naiUfold and the naiUwall have the same general structure as t^^^^' 
skin. 

The substance of the nail itself consists of intimately unit^ ^ 
lamellae of horny epithelial cells, which possess a nucleus aw^^d 
closely resemble the elements of the stratum lucidum ; the old «■-*-' 
and most superficial layers are made up of compressed homy Atj^ 
scales, while those composing the last formed and hence deepest layer 
are softer and more regulariy polyhedral, resembling the cells of the 
stratum Malpighii. 



THE SKIN AND ITS APPENDAGES. 



THE HAIR. 



267 



The hairs, tt^ether with their homologues, feathers and scales of 
the lower animals, are de rived entirely from the epid ermis, and 
are therefore of ectoderrnicorigin. 1 hese slender n^tble horny 
threads are distributed, with few exceptions, over the entire sur&ce, 
Inil differ greatly as to both size and frequency in various regions; 
lodtvidual and race peculiarities also greatly influence the character 
ffthe hair. In general, in straight -haired races the hairs are 
''■icker and coarser and more cylindrical than in crisp-haired races; 



Fir„ ;ioi. 




^^ the negro the hairs are flattened cylmders, small and oval in sec- 
^ ; dark hair is usually coarser than that of light color, 

Every hair presents two principal divisions, the part which 
prt^ects beyond the suriace, as the shaft, and the portion embedded 
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Fig. 304. 



within the integ;ument, the root ; at its lower extremity the root ter- 
minates in a bulbous expansion, the hair-bulb, which at its lowest 
point is indented to receive the connective -tissue papilla . The hair- 
bulb lies embraced within a pocket of modified integument, the 
hair- follicle, to which the corium and the enidermis contribute 
respectively the fibrous and the epitnelial root -sheaths. 

The hair consists entirely of . epithelial ce lls disposed as three dis- 
tinctly defined strata, the cuticle, the cortical substance, and the 
medulla, or pith. The hair cuticle is composed of a single layer 
of thin, horny,- imbricated scales, which envelop the entire sur- 
face of the hair, both on the root and on the shaft ; in these situations 
it forms a layer respectively 6-8 n and 2-4 fi in thickness. Owing 
to the imbricated arrangement of the cells, as tiles upon a roof, only 
their ft^ee projecting borders are visible, which produce in surface views 
the characteristic oblique transverse 
markings so distinctive of hair ; in pro- 
file the edges of the cells appear as deli- 
cate serrations. 

The cortical substance constitutes by 
far the greater part of the hair, when the 
medulla is wanting sometimes forming its 
entire bulk. This portion of the hair- 
shaft is composed of greatly elongated 
horny epithelial cells, which possess 
attenuated nuclei and are so intimately 
united that the boundaries of the individ- 
ual elements under ordinary circumstances 
•-i^\t are not distinguishable. On the root the 
ng ibe cells are broader, less horny, and assume 
sbroui more and more the character of the ele- 
^ ,k. ments of the stratum mucosum as the prox- 
^T" T ."1.7 ^ ' it.' '""'°''' imal end of the hair-bulb is approached ; 
nibiuncc. immediately around the papilla the 

cells of the cortical substance become con- 
tinuous with the extension of the stratum mucosum, the outer root- 
sheath. 

The medulla, or pith, occupies the central tract of the hair-shaft, 
and extends in favorable examples from near the hair-bulb almost to 
the extremity of the hair. Many hairs possess no pith, this part 
being usually wanting in the fine hairs of the general body-surface 
and the colored hairs of the head, as well as in the hairs of chil- 
dren under four or five years of age. In the thick short and in the 
robust long hairs, likewise in most white scalp-hairs, the medulla is 
present, and constitutes sometimes one-third of the diameter of the hair. 
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The medulla is composed of rows of j|T^:ular cuboidal or 
spherical cells, 15-20 /i in diameter, filled with dark granules, which 
really are minute air-vesicles ; by reflected light the pith appears 
silvery -white, while by transmitted light it is dark and opaque. The 
air gains access to the medulla in consequence of the partial drying 
out of the soft protoplasm of the cells. In many animals the medulla- 
cells form a conspicuous and relatively large portion of the hair, and 
present characteristic details sufficiently dis- 
tinctive to determine the kind of animal from *■ °5 
which the specimen was obtained. ^ } ! 

The color of the hair depends upon the 
presence of pigment- granules, diffuse pig- > ! 

ment, and air. The granular pigment '] 

occurs as colored particles varying from light 
brown to black ; in dark hair the pigment lies 
within the elements of the cortical substance, as 
well as often between the cells, the cortex in 
addition sometimes containing diffuse soluble 
coloring-matter in combination with the proto- 
plasm of the cells. Diffuse pigment is en- 
tirely wanting in white hair, is sparingly present 
in light blond hair, and exists in abundance in 
dark blond, red, and dark hair. 

The hair-follicles are tubular or flask-shaped 
depressions within the integument (2-7 mm. in 
length) which tightly embrace the hair-shaits ; 
those of the finer hairs lie entirely within the 
corium , while those of the large hairs frequently 
exten<J deeply into the anbcutaneous strat um. 

The hair-follicle serves the double purpose of 
supplying the tissue from which the hair is formed 
and of affording the necessary attachment and 
support to the hair after its development. The 
relation of the hair-follicle to the general integu- '"Vii^' 

ment is best appreciated by remembering that 
the follicle develops by an ingrowth of the h oi m ™ii 
epidermis into the subjacent connective tis- « 
sue ; the hair subsequently appears as the result rf kI" mm 

of the metamorphosis and the differentiation of "" " ™" kll? *" 

the cells occupying the most dependent part of p 
the epidermal plug. While in the follicles of the 

finer hairs the epithelium forms almost the entire structure, in those 
of the large hairs the surrounding connective tissue takes part to the 
extent of supplying a strong protective sheath, the fibrous coat. 
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Below the openings of the sebaceous glands the hair-follicle 
consists of the tibrous coat and the stratum mucosum of the epi- 
dermis only : at its upper extremity the stratum corneum additionally 
takes part in the formation of the fotlicte. The fibrous coat of the 
follicle consists of three layers : the outer, composed of longitudinally- 
placed bundles of connective tissue, rich in cells, and representing a 
condensation of the tissue of the corium ; the middle, represented 
by a layer of circular connective-tissue bundles continuous with the 
papillary layer of the cutis ; and the inner, a clear, homogeneous, 
narrow but conspicuous zone, the glassy or hyaline membrane. 
The latter separates the epithelium from the surrounding fibrous 
tissue, and corresponds to a highly-developed basement-mem- 
brane. These layers of the tibrous sheath are not continued to an 
equal extent over the hair-follicle ; the outer longitudinal layer com- 
pletely invests the follicle, becomes continuous with the corium, and 
materially aids in maintaining the form of the follicle. The circular 
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layer extends from the base of the hair-follicle to the orifices of the 
sebaceous glands, while the glassy membrane, as such, ceases at the 
mouth of the follicle. 

Next inside the glassy membrane follow the epithelial layers occu- 
pying the entire space between the hair and the sides of its follicle. 
The epithelial tissue is disposed in two well-marked strata, the 
thicker, many-layered zone next the glassy membrane, which con- 
stitutes the outer root-sheath, and the much thinner concentric 
layer composing the inner root-sheath. The former is the direct 
prolongation of the stratum mucosum of the general integu- 



THE SKIN AND ITS APPENDAGES. 



271 



ment, while the latter is derived from a part of the same cells that 
form the hair itself, and is therefore closely related to the hair. 

The outer root-sheath being the direct continuation of the 
stratum mucosum of the adjacent skin, its structure corresponds 
with that layer of the epidermis ; when well developed, as in the 
follicles of the larger hairs, this sheath measures 40-60 11 in thick- 
ness, or more than twice the breadth of the inner root-sheath. In 
the upper part of the follicle, where the glassy membrane and the 
circular fibrous layer are wanting, the outer sheath rests directly in 
contact with the longitudinal layer. The outer cells of the root- 
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sheath are columnar and placed vertically upon the glassy mem- 
brane, while the cells of the succeeding layers, some five to ten 
deep, present the polygonal outlines and the intercellular connect- 
ing threads seen in the corresponding parts of the ordinary epider- 
mis. The space between the outer root-sheath and the hair is occu- 
pied by three narroiv zones, which collectively form the inner 
root-sheath, a clear transparent rigid membrane closely embracing 
the lower two-thirds of the hair- follicle and terminating in the vicinity 
of the opening of the sebaceous gland. The outer or Henle's 
layer appears as a light band composed of somewhat elongated 
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polyhedral cells, whose protoplasm is very faintly granular and whose 
nuclei are wanting. Next follows Huxley's layer, consisting of a 
single or double row of shorter and broader polyhedral cells, whidi 
ordinarily display small nuclei ; at the lower part of the follicle these 
cells contain numerous granules, probably of eleidin. Of the 15-35 
fi representing the entire thickness of the inner root-sheath, Hcnlc's 
layer contributes about one-third, the remaining two-thirds being 
made up by the layer of Huxley. The inner surface of Huxley's 
layer is covered with the clear delicate cuticle of the root-sheath, 
a single layer of thin transparent plates lying against the cutide of 
the hair in such close relation that the two cuticular layers appear as 
one. The cells of this envelope are imbricated in a manner similar 
to those of the hair-cuticle, but the free edges of the plates are d> 
rected in the opposite direction from those of the hair, the ser^atioI^^ 
of the cuticle of the root-sheath fitting into the impressions on th ^ 
surface of the hair. 

The extremity or base of the hair-follicle presents a deep invagina-- 
tion for the reception of the process of dermal connective tissue con- 
stituting the hair-papilla. The latter is a large, simple, club-shapeJ 
elevation, . 1-.3 mm. in length, which usually contains numerous con- 
nective-tissue-cells and loops of blood-vessels. The presence 
of nerves within the papillae, on the contrary, is very doubtful. 

The most interesting as well as important part of the hair-follide 
is immediately around the hair-papillae, since to the differentia- 
tion of the soft granular polyhedral cells occupying this position thf 
hdir, together with the inner root-sheath, owes its formation. Thea 
elements are the direct derivatives of the stratum mucosus 
and represent the centre of greatest activity ; the elements <? 
rectly over the papilla supply the material from which the hair prop 
is developed, while the cells at the lower part of its sides becoi 
transformed into the layers of the inner root-sheath. For some c 
tance immediately above the summit of the papilla, polyhedral 
cleated granular, and often pigmented, cells compose a matrix fi 
which the constituents of the cortical and medullary portions of 
hair are directly derived. 

The muscles of the hairs, the arrectores pilonim, exi? 
minute flattened plexiform bundles of non-striped muscle, n 
extend from the most superficial parts of the corium to the 
follicles ; the muscular band is attached to the fibrous coat < 
■ follicle, below the sebaceous glands, on the side towards whii 
hair is directed. When the muscle contracts the obliquely-; 
follicle becomes perpendicular and the shaft erect, in conseque 
which the integument attached about the hair is drawn up, pro 
the well-known condition of cutis anserina, or ** goose- 
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Muscular slips frequently encircle the lower part of the follicle, while 
additional bands sometimes are given off to find attachment in the 
fibrous sheath of the sweat-glands. 

THE SEBACEOUS GLANDS. 

These structures occur so closely connected writh the hair- 
follicles, into which they usually open, that the sebaceous glands 
may be looked for wherever hairs exist ; in addition, the glands may 
be present when hair-follicles are absent, as on the external genitalia 
(labia minora, glans and prepuce of the penis), the eyelids (Mei- 
bomian glands), and the red edge of the lips. The smallest se- 
baceous glands are connected with the head-hairs, while the largest 
are found on the mons Veneris, the labia 
majora, and the scrotum. The size of these 
structures is not proportionate to that of 
the associated hairs, since frequently the fine 
lanugo hairs possess large glands, a relation 
also seen in the particularly well developed 
sebaceous sacs connected with the fine hairs 
on the nose and the &ce. The group of acini 
is usually placed on the side towards which 
the hairs slope, and occupies the interval be- 
tween the hair-follicle a nd the arrector pil i 
muscle, the contractions of the latter aiding 
in the expulsion of the secretion of the gland. 

The sebaceous glands are sometimes 
simple but usually small compound s accular 
structures possessing sho rt ducts wh'ich 
open into the ha ir-fnIliHe s near their upper 

extremities. The periphery of the acini, ^" '"' °f p" ™ *>f "'p 
five to twenty in number, is lined by a pe- ndudnj pan of"™iu > 
ripheral layer of cuboidal epithelium, while ™™i"»n» prop™: *, poiph- 
the greater part of the sacs is filled with ^tmtnw'in *hich &ity nil^ 
cells in various stages of fatty metamor- ■nofptw"f'i>««'™'ng;rf,<»iii 

PhOSis. ..hlbilTng irKk^/inlra^elluru 

The secretion of these glands, the sebum, Mi-worW. ; », nuclei of di.. 
when fresh at the body- temperature, is a 

semi-fluid substance consisting of oil-droplets and the dkbris of 
broken-down cells ; on exposure to the atmosphere it becomes of 
the consistence of tallow. 

THE SWEAT-GLANDS. 

The sweat or sudoriparous glands are modi fi ed si mp le tubular 
glands which extend from the free surface of the integument, where 
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they open by the trumpet-shaped orifices of their wavy ducts to th< 
deepest part of th e reticular laver of the corium , or still farther intc 
the s ubcutaneous stratu m, in which position the gland-tube ends 
a greatly convoluted spherical mass. The sweat-glands enjoy a vi 
vi^ide distribution, being present in greater or less abundance ovei -^-r 
the entire body-surface, with the exception of the deeper parts of 

iThe largest sweat-glands occur in the axilla, at the root of th< 
penis, on the labia majora, and around the anus. While the average 
diameter of the gland-masses is .3-. 4 mm., the axillary glands 
measure 2-7 mm. at their widest part. Each sweat-gland present^*L 
two divisions, the greatly convoluted gland-coil and the mu< 
straighter, slightly wavy excretory duct ; the former, which repre- 
sents the secreting portion of the gland, is much wider, both ir^ ^n 
its general diameter and lumen, than the part constituting the 
The gland-tube is limited by a membrana propria continuous wil 
that of the skin, outside of which a delicate connective-tissue ei 
velope gives additional strength ; within the basement-membran 
cuboidal or low columnar epithelial cells form the lining of a. 
parts of the gland. In the secreting division of the tube the lo^ 
columnar cells are disposed as a single stratum, while those linii 
the duct are arranged as a double layer of small and low polygon: 
elements ; the cells of the duct are covered next the lumen of th 
tube with a delicate cuticle. 

The duct from the secretory portion of the gland to the epidei 
maintains an almost constant diameter (20-25 fi) ; on entering tl 
epidermis, however, it enlarges to almost double, and on reachii 
the stratum corium expands into the trumpet-shaped orifice whi< 
marks its termination. Within the epidermis the duct loses i 
distinct vi^alls, the final turns of its spiral, corkscrew-like cou 
being bounded by the horny plates of the epidermis. In 
ceptional cases the sweat-glands open into the upper part of t 
hair-follicles, but, as a rule, they reach the iree surface by enteri 
the epidermis in the depressions between the papillae of C 
corium. 

The terminal secretory segment of the gland-tube, ususl 
single, although sometimes branched, is convoluted to form the ch 
acteristic coils, which can be seen often with the unaided eye 
reddish-yellow spherical masses. The columnar secreting ce 
(10-20 /I in height) present a single layer of elements whose |> 
toplasm is very finely granular and sometimes contains fatty grc 
ules, as well as yellow or brown particles ; these latter are 
cially evident in the ceruminous glands of the external ear, the axill^aJJ 
and the mammary areolar glands. The nuclei of the secreting c^l^ 
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are eccentrically placed, while the border of the cells next the lumen 
presents a thickened edge sometimes described as a cuticle. 

Immediately outside the epithelial cells, between these and the 
basement-membrane lies a thin 
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layer of involuntary muscle , 
this tissue occurs only m the se 
cretory division of the tube and 
is best developed in the larger 
glands, where the muscle cells 
form a complete layer The in 
dividual convolutions of the 
tube constituting the coil are held 
together by delicate connective 
tissue, which additionally fiimishes 
a fibrous envelope for the entire 
mass. The average diameter of 
the secreting portion of the gland 
is about 65 ;•, of which about 30 p. 
are contributed by the epithelial 
lining, and about half as much by 
the fibrous and muscular tunics ; 
the remaining 20 /i represent the 

usual lumen. hnminVkln: «, Br»™iing portion of TubLI^ 

The secretion of the sweat- ""■■>v«iou.dir«ciioDt:*,*,pi.rt.n!pr««tin< 

.,,.,, J begEAniiiB of ducr ; f, loltnublllar coDneciivv 

glands vanes with the locality and ,{„!» ■. d. laya or invoiumary mmcte \m\it ihc 
the character of the glands; in b««m«i-a.Bob™o.: ..cudcubu^bwdei. 
general the secretion of these 

structures occurs in two forms, — as the colorless, slightly turbid 
fluid, devoid of morphological constituents, which is elaborated by 
the smaller glands and is the sweat proper, and as the thicker oily 
substances supplied by the large axillary, the circumanal, and the 
ceruminous glands. The products of these structures consist mostly 
of water, but contain, in addition, about 1.2 per cent, of solids, in- 
cluding fat, fat-acids, albuminous matters, urea, and salts in various 
proportions and combinations. 

The ceruminous glands of the ear and the glands of Moll of 
the eyelid must be regarded as modified sudoriparous glands, since 
they closely correspond to the sweat-tubes in structure. 

The total number of sweat-glands of the human body has been esti- 
mated to be about two millions (Krause) ; they are most numerous 
on the palms of the hands, in which situation 373 occur within a single 
square centimetre, and are almost as frequent on the soles of the feet ; 
the glands are most sparingly distributed over the back and the but- 
tocks, where less than sixty are contained within one square centimetre. 
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BLOOD-VESSELS, LYMPHATICS, AND NERVES OF THE SKIN. 

The blood-vessels supplying the skin are arranged as three sets, 
which occupy different levels, and are destined especially for the 
structures lying within the respective layers. The larger arterial 
vessels run between the superficial fasciae and the integument, 
generally parallel to the latter, while perpendicular branches are given 
off which pass towards the fi^ee surface and early in their course 
provide twigs for the supply of the deep-lying fat-clusters, among 
which the arterioles break up into the capillary net-works. At a 
somewhat higher level branches are given off to the s^i^eat-glands, 
superficially to which a net-work is formed by the terminal branches 
of the ascending arteries, and constitutes a rich subepithelial 
reticulum distributed to the outermost stratum of the corium. 
Where well developed, the papillae receive vascular tufts and loops 
from the subepithelial net-work, the disposition of the loops corre- 
sponding with the simple or compound character of the papillae. 
Numerous twigs also provide for the nutrition of the hair-follicles, 
around which the longitudinal arterioles are connected by the trans- 
versely-disposed capillary net- works encircling the follicles ; loops are 
given off to supply the hair-papillae, as well as small branches to the 
sebaceous glands and the hair-muscles. The veins follow the gen- 
eral arrangement of the arterial branches. The follicles of the 
conspicuous tactile hairs of the lower animals are surrounded by 
the large venous spaces which occupy the cavernous tissue situated 
between the longitudinal and the circular coat of the fibrous sheath. 

The numerous lymphatics of the skin are arranged in tvi^o gen- 
eral sets, those extending within the corium and forming the 
superficial reticulum, and those situated vi^ithin the subcutaneous 
tissue and following the larger blood-vessels. The superficial 
lymphatics begin as the interfescicular clefts of the corium, some of 
which are contained within the papillae ; these irregular spaces, with 
their imperfect lining of connective-tissue plates, communicate with the 
more definite lymph-vessels, which anastomose to form the plexus 
extending throughout the corium slightly beneath the plane of the 
closer-meshed reticulum of blood-capillaries. Special net- works of 
lymph-capillaries surround the hair-follicles and the glands. The 
deeper set of lymphatics lie within the subcutaneous tissue and con- 
stitute a loose reticulum of larger vessels, which freely communicate 
with the closer superficial lymphatic net-works as well as with those sur- 
rounding the adjacent hair-follicles and the glands. Each of the larger 
blood-vessels is usually accompanied by two l3rmphatic trunks of 
considerable size, which, by means of numerous transverse branches; 
freely communicate and enclose the blood-vessels within their meshes. 
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The nerves supplying the skin vary greatly in different regions, the 
palmar sur&ce of the fingers and the corresponding parts of the toes 
receiving the richest supply. The larger stems lie within the sub- 
cutaneous tissue, from whidi, in addition to twigs distributed directly 
to the swreat-glands and the involuntary muscle, numerous 
branches accompany the blood-vessels into the corium to end in 
various ways. Upon reaching the superficial portions of the conum, 
after having given off many lateral branches, the ascending twigs 
break up into bundles, which form a rich subpapillary plexus, con- 
taining both medullated and pale fibres, and extending beneath the 
epidermis and the bases of the papill<e. The non-medullated 
fibres are probably destined for the involuntary muscle of the cutis, 
the glands, and the blood-vessels; the medullated fibres, on the 
other hand, are connected with several forms of special nerve- 
endings. From the superficial plexus within the corium small twigs 
ascend to the epidermis, some fibres ending immediately beneath 
the epithelium, while others pass for different distances between 
the epithelial elements to terminate either as free endings or in 
connection with the tactile cells. The branches from the subpap- 
illary plexus which ascend into the papillsc are connected with the 
large tactile corpuscles of Meissner which occupy the non-vas- 
cular papilUe. Within the subcutaneous layer, in many regions, 
niunerous corpuscles of Vater are present. The hair- follicles 
receive a considerable part of the nerves of the corium, the medul- 
lated fibres forming loose net -works around the follicles, which they 
accompany as tar as the sebaceous glands, where they divide into the 
naked fibriltse which are traceable with certainty as lar as the glassy 
membrane and probably end within the external root-sheath. 

THE DEVELOPMENT OF THE SKIN AND ITS APPENDAGES. 

The development of the skin in- Fm. 31 1. 

eludes the participation of the ecto- r>"i o ^^!^ 

derm and the mesoderm, which con- ;:• 'i^^^a 

tribute respectively the epidermis and ,^^5l5c 

the corium. The history of the epi- . — .^i^ 

dermis is closely identified with that of - . --^^ 

the ectoderm. In the earliest stage the of d 1 ■ ~ ktafr 

latter consists of a single layer of homii^''tom. c.r'tw'iuid ■ h™ 

low cuboidal cells; later an addi- nioiHh.:B, layoof cubo]>w«ii»np. 

tional superficial stratum, the epi- d™iei.nwniiformiBgiup«(ic;.ii.ymi 

trichium, becomes differentiated, the f, tpuie™™ flaii™«i pi»iM, 

two layers of the ectoderm probably I^IJZ^^uu^^i^g^™"'' 
already indicating the corneous and 
Malpighian strata of the future epidermis, although the precise 
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relation between the homy layer and the embryonal cells is still un- 
settled. It is probable that where a well-developed stratum comeum 
exists the parts of this external to the stratum lucidum represent the 
metamorphosed epitrichium ; where, however, a true comified layer 
is wanting and the superficial cells belong to a highly-developed 
stratum lucidum, as in the nails, the epitrichium is not represented, 
since in this case the entire epidermis is derived from the deeper 
layer of ectodermic tissue (Bowen, Minot). With the general 
growth the layers of the epidermis increase in number and the 
innermost cells assume the characteristic columnar character 
which continues distinctive of the active Malpighian layer. 

The corium is formed of mesodermic tissue which becomes 
condensed beneath the epithelial layer and subsequently is beset 
vHth numerous papillary elevations ; the development of vascular 
structures within the young corium takes place along with the dif- 
ferentiation of a distinct subepidermal zone within the mesoderm. 
Before the fourth month of fcetal life the corium and the subcu- 
taneous zones have become defined, and a little later fat-cells 
appear within the last-named layer. 

The development of the nails depends upon the specialization 
of the stratum lucidum within certain areas connected with the ter- 
minal phalanges. The earliest indication of the nail-formation appears 
about the third month in the human embryo, and consists of a thick- 
ening of the primitive epidermis over the end of the digit ; the 
nail-area becomes defined by a furrow and takes up a permanent 
position on the dorsal aspect of the finger, when an ingrowth of 
the stratum Malpighii takes place to establish the root of the 
nail. About the fourth month the upper cells of the Malpighi 
layer exhibit granules, which play an important part in the cornifi 
cation of the epithelial elements in the formation of the nail ; th 
granules are very similar to, if indeed not identical with, eleidin i 
their nature. The cells of the stratum lucidum subsequently un 
dergo great increase and constitute the body of the nail. Until abou^ 
the fifth month the young nail is covered superficially by the epi 
trichium, here called the eponychium ; the latter then disappears, an 
finally is represented only by the small epithelial band, the periony: 
which persists across the root of the nail. The final steps in the naL 
formation are associated with a process of desquamation of 
stratum lucidum, whereby the distal end of the nail is separat 
from its bed and the existence of a free edge is established. 

By the addition of young cells at its posterior margin the n 
grows in length, while by the increments to its under surfa 
derived from the stratum mucosum at the lunula it increases 
thickness ; the thickest part of the nail is, therefore, not at 
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root, but at the anterior border of the lunula ; from this point for- 
ward the nail remains of constant thickness, since it derives no aug- 
mentation in its passage over the nail-bed. The regeneration of 
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the nail after disease or injury depends upon the integrity of the 
deeper layers of the epithelium. 

The development of the hair in the fcetus proceeds entirely 
froni the ectoderm. The first indication of the process, about the 
end of the third month, ap- 
pears as a localized prolif- fi= 3'4- 
eration of the ectodermic 
cells, resulting in a s%ht 
transient elevation of the sur- 
face, and, at the same time, 
in a feeble encroachment on 
the subjacent mesoderm. 
This ectodermal projection 
soon becomes an epithelial 
cylinder, whose expanded 
club-shaped extremity pene- 
trates deeply into the primi- 
tive corium to form the epi- 
thelial constituents of the 
future hair-follicle. The dif- 
ferentiation of the surrounding 
connective tissue produces the 
fibrous root-sheath, while 
a projection opposite the base 
of the primitive epithelial fol- 
licle contributes the tissue of 

the hair-papilla. The region immediately over the papilla is the 
seat of greatest activity and differentiation : the central cells, con- 
taining probably many eleidin granules, become converted into the 
hair and its inner root-sheath, while the peripheral cells of the 
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cylindrical epithelial mass assume the character of the externa! 
sheath. Subsequent differentiation in the central mt 
formative cells produces the individua 
Fic yi of the inner root-sheath and of th 

The young hair, or lanugo, at first lit 
pletely embedded within the epidt 
its exit being opposed by the cells o 
ing the neck of the follicle ; thes 
soften and undergo fatty degeneration 
the young hair forces its way agaii 
superficial epithelial layers. The epi 
scales at first are raised, but afterwart 
are broken through by the pointt 
tremity of the growing hair-shaft, 
eruption of the hairs on the head a 
eyebrow occurs about the close of tl 
month of fcetal life, and is completed 
the sixth month on the extremities, 
fcetal hairs, forming the downy coi 
or the lanugo, never possess a medul 
are short-lived, ceasing to grow t< 
the end of gestation ; shortly after, o 
before, birth these embryonal hau 
largely shed and replaced by moi 
^ (W^^^r manent successors ; on the &ce and 

other places, however, the lanugo re 
The general renewal of the hairs afte 
corresponds to the periodical change c 
so common among the lower animals 
renewal is very unusual in man, the rej 
ment of the effete hairs continually 
place. As soon as the growth of i 
(.»™°^ip' tiJi^bwJg ''h^M ** arrested the pressure induced I 
"ccompuiyiiig growih of DEW surroundiog soft elastic structures 
e«paBdi°Il'.^nmiLi^g'md"(aV ^'-"^S^'^ resisted, and in consequent 
*. Inner root-iiKaih ending in hair is Separated and lifted from its p 
ril™J'!'!™i"" ■ '''^'" ™".! such hairs possess knob-like extrenr 

ihMUi; ,, glu-y membrane; /, ,. ^ 

laierai projeciion miiriiing iiuch- wHich arc lodged m corresponding ( 
". ™« J^nVw^en" dTri^' fram ^'""^ '^^ ^^^ ''"'^^'' Toot-sheath. Bi 
rooiMhe^ih of old follicle from the terminal knob the cells of this 
w^ch^oniuiion of net. (uir wilt TOOt-sheath gTow out as a new 

towards the base of the follicle ; fi-om 
young cells in due time the new hair is formed, the details 
process corresponding with those of the development of the pi 
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hairs. Coincidently with the growth of the secondary shaft the old 
dead hair becomes shifted towards the sur&ce, loosened, and finally 
entirely displaced. 

The development of the sebaceous glands starts as an out- 
growrth from the external root-sheath of the hair-follicle, from 
which knob-like projections extend laterally ; these are at first solid 
flask-shaped processes, the central cells of which become filled with 
tat- particles. This &tty metamorphosis affects all the cells occupy- 
ing the axis of the developing gland as far as the root-sheath ; after 
a time the latter structure is penetrated and the degenerated latty 
cell-mass discharged into the hair-follicle as the first sebaceous 
secretion. From the original tubular projection secondary com- 
partments are produced by a repetition of the processes of budding 
and subsequent hollowing out until the entire complement of saccules 
has been formed. After the disintegration of the central cells, the 
peripheral elements undergo similar change. 

The development of the sweat-glands follows closely that of 
the hairs and the sebaceous follicles ; as in these, so here, the first 
stage consists in the ingrowrth, during the fifth month, of a solid 
epithelial club-shaped process from the stratum mucosum into 
the primitive corium. About the seventh month a lumen appears 
within the tubular mass, an exit, 
however, for some time be'ng 
still wanting ; subsequen y the 
obstructing epidermal laye s are 
broken through. Somewha 
before the appearance of the lu 
men the extremity of the cy n 
der undergoes increased g ow h 
resulting in the thickening and 
convolution of the tube wh ch 
represents the future coiled 
division of the gland ; the fu 
expression of the charac e 
convoluted arrangement how 
ever, is not attained until shortly 
before birth. The muscular sccu n, .1 g d 

tissue of the secretory tubes, c^|,nd,„ f„m"ht .tnKum Miipighi. or iht •^- 
situated between the basement- f'™'" }•"" ">« underlying corium : ih* ciaraciw. 
membrane and the lining epithe- '"" "' ■''''™' 

li"um, is present before the close of the ninth month ; its origin is 
as remarkable as its position, since the muscle-cells are derived 
from the elements of the adjacent ectoderm. The basement-mem- 
brane and the fibrous sheath are contributions from the mesoderm. 
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CHAPTER XVI. 



THE CENTRAL NERVOUS SYSTEM. 



THE MEMBRANES. 

The spinal cord and the brain are surrounded by their enveloiw^ 
membranes, the dura, the arachnoid, and the pia ; these afTord 
additional protection and support the blood-vessels in their course to 
the nervous tissue. 

The dura consists of interlacing bundles of dense fibro-elastic 
tissue, in the interspaces between which lie numerous plate-like 
connective -tissue celts ; many irregular granular elements resem- 
bling plasma-cells occupy the more superficial layers. The narrow 
clefts between the fibrous bundles represent lymph -spaces. 

The smooth unattached surfaces of the dura are clothed with 
a single layer of endothelial 
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plates, while the attached sur- 
faces, on the contrary, are roi^h 
and without endothelium, but 
covered with fibrous processes 
for attachment. The inner sur- 
face of the viscera] layer forms 
the outer wall of the subdural 
space, the inner boundary of 
which is contributed by the op- 
posed surface of the arachnoid ; 
the two suT&ces, while usually in 
apposition, are united by very few 
intervening bands of connective 
tissue. In some places the outer 
dural layer is less intimately united 
with the bone than usual, which 
arrangement produces the epidural spaces ; a more or less perfect 
endothelial lining exists at such points. 

The dural layers vary in vascularity in different regions ; in addi- 
tion to the intradural venous sinuses, on either side of the supe- 
rior longitudinal sinus smaller venous clefts, the parasinoidal spaces, 
occur; into these the cerebral veins directly open, the entrance 
of the veins into the sinus being thus indirect. The arteries of the 
dura m many places are surrounded by perivascular lymphatic 
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channels ; these canals open into the sub- or the epi-dural spaces 
on the one hand, and stand in close relation with the blood-vessels 
on the other. The veins of the dura are of much greater size than 
the corresponding arteries. 

The nerves of the dura are not numerous, but consist of both 
inedullated and pale fibres, chiefly distributed to the walls of the 
blood-spaces. 

The arachnoid is a connective- tissue membrane of great delicacy, 
the component fibres being loosely held together rather than arranged 
as distinct bundles. The free surfaces of the membrane, including 
the numerous trabecular on its inner side, are covered with endo- 
thelium. The arachnoid lies closely applied, but slightly attached, 
to the inner surface of the dura, while between the arachnoid and the 
pia the considerable subarachnoidean space exists. 

Scattered over the outer surface of the arachnoid small villous 
elevations project into the subdural space ; a core of connective 
tissue, covered by a reflection of the endothelium, constitutes 
these structures. In various situations, but particularly in the 
neighborhood of the superior longitudinal sinus, the arachnoidal 
villi become hypertrophied and form the Pacchionian bodies : these 
press against the opposed dural surface and push the latter before 
them where least resistant ; such points occur where the lamina of 
the dura separate. The arachnoidal projections encroach upon 
the dura to such a degree that its tissue is largely absorbed, the 
cauliflower excrescence being separated from the venous current by 
an extremely thin layer. In localities where the projections press 
against the bones, conspicuous depressions on the inner cranial sur- 
face mark the positions of the Pacchionian bodies ; these latter not 
infrequently contain small, hard, calcareous concretions, the 
* * brain-sand. ' ' The arachnoid contains neither blood-vessels nor 
nerves. 

The pia is the vascular membrane, and consists of two lamellae, 
an outer layer, rich in blood-vessels, and an inner stratum, less 
vascular, but closely associated with the nervous tissue, to which it 
contributes a partial supporting framework. The pial stroma is 
composed of interlacing libro-elastic bundles, between which lie 
the numerous blood-vessels, surrounded by perivascular lymphatics ; 
the vessels, invested by delicate prolongations of both connective 
tissue and lymph-sheath, pass into the nervous tissue. The free sur- 
face of the pia is covered by endothelium, as are also the trabeculae 
subdividing the subarachnoidean space and connecting the arach- 
noid and the pia. The pia of the cord is composed of coarser fibres 
than that of the brain. 
The dura and the arachnoid do not folloiv the irregularities of 
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the surface of the nervous masses ; the pia does, dipping down into 
the fissures and penetrating, as part of the velum interpositum, into 
the interior of the brain. The inner layer of the pia is closely 
united to the surface of the cord and the brain, while the vascular 
tunic in places is less accurately adapted : thus the entire pia enters 
the anterior median fissure of the spinal cord, while the inner layer 
alone takes part in the formation of the posterior median septum, or 
** fissure." 

Branched pigment-cells are not uncommon in the outer layer 
of the pia ; these are especially well developed on the anterior sur- 
face of the medulla, although frequently found in other positions 
along the cord and at the base of the brain. A few non-medullated 
nerve-fibres have been traced within the pia. 

THE SPINAL CORD. 

The spinal cord, or medulla spinalis, hangs, enveloped by its 
membranes, within the vertebral canal, and extends from the lower 
border of the skull, where it becomes continuous with the medulla 
above, to the lower border of the first lumbar vertebra below ; from 
this levd the conical end of the cord, the conus medullaris, is 
continued into the attenuated lilum terminale, the nervous matter 
disappearing about the middle of this structure. While the several di- 
visions of the cord are distinguished by individual peculiarities, certain 
general features of arrangement are common throughout its length. 

The cord is formed of symmetrical halves partially separated 
in the mid-line in front by a clefl, the anterior median fissure, and 
behind by an ingrowth of dense neuroglia tissue which constitutes 
the posterior median fissure, but is really only a fibrous sep- 
tum. Each half of the cord contains a crescentic mass of gray 
matter ; the convexities of the crescents face, and are connected by 
a horizontal bridge, the gray commissure, the gray matter of the 
cord thus collectively forming an H-like mass. The horns of the 
crescents are not equal, the anterior comua being broad and robust, 
while the posterior cornua are more slender and pointed and ex- 
tend almost to the outer surface. 

The exterior of the cord is invested by a dense neurogliar 
layer, from which numerous fibrous septa extend into the substance 
of the cord, dividing the white matter into certain pyramidal areas. 
The anterior or motor roots of the spinal nerves are formed by 
bundles of fibres which escape from the gray matter ; these bundles 
pass from the anterior cornu to the surface of the cord associated io 
groups, their exit being indicated by slight furrows. The positio.t 
at which the posterior or sensory root appears on the sur^ce, 00 
the contrary, is marked by a distinct indentation. 
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These furrows marking the anterior and the posterior roots, to- 
gether with the penetrating processes from the pia, divide the white 
matter of each half of the cord into definite areas or tracts. The 
anterior median fissure penetrates a little more than one-third of the 
diameter of the cord, and does not quite reach the bridge of gray 
substance, but leaves an intervening band which connects the white 
matter of the two halves ; this constitutes the white commissure in- 
duded between the gray bridge behind and the anterior median fissure 
in front. 

The part of the cord embraced between the anterior median fis- 
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^'^are and the anterior root is the anterior column ; the large area 

■-*^«inded by the anterior root, the gray matter, and the posterior 

***Dot forms the lateral column ; while the field included between 

*^Ve posterior root and the posterior median septum corresponds to 

^le posterior column. Since the first two divisions are very 

^^Tosely associated both as to their position and as to their constit- 

*Jeiils, they are very frequently regarded as a single column, the 

^ntero-lateral. Each of these principal segments is subdivided 

into secondary tracts, distinguished by names indicating thegen- 

*a^ course or the destination of the component nerve-fibres. 
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The anterior column includes two tracts : the direct pjrram- 
idal \X2XX (^Turck's coluJnn), next the median fissure, and the 






O 



^j^IG. 319. 



. > 




*l 



/^ 



< < 



'Diagram showing principal divisioDs of white matter of spinal cord : A,'P, anterior and 
posterior horns of gray matter ; DP, direct pyramidal tract ; GB, anterior ground-bundle ; 
CPf crossed pyramidal tract ; DC, direct cerebellar bundle ; GT, Gowers's or ascending 
antero-latexal tract, blending anteriorly with descending antero-lateral tract ; L, Lissauer's 
column ; BG, column of Burdach (fiuciculus cuneatus) and column <^ GoU (fasciculus gra- 
cilis) : LGB, lateral ground-bundle. 
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anterior ground-bundle, or anterior radicular zoi^e, which is 
continuous with the adjoining area of the lateral region. 

The lateral column contains a number 6f important tracts, two 
of which are especially prominent, the crossed pyramidal and the 
direct cerebellar. The latter lies as a narrow zone at the margin 
of the cord, and extends from the posterior root about half-way to 
the anterior root. The crossed pyramidal tract appears as an 
oval area which lies next the cerebellar path and in front of the pos- 
terior root. The remainder of the lateral column is occupied by a 
number of smaller tracts, concerning which uncertainty still exists. 
These may be grouped into two segments : an outer peripheral, in- 
cluding the ascending antero-lateral tract, or tract of Cowers, 
and the descending antero-lateral tract, and an inner zone, next 
the gray matter, the lateral ground-bundle ; the latter, in con- 
junction with the similar anterior tract, constitutes the antero-lat- 
eral ground-bundle. 

The posterior column is divided by a fibrous septum into the 
inner triangular segment, the column of Goll, next the median 
septum, and an outer area, the postero-lateral tract, or Burdach's 
column, lying between GolFs tract and the posterior horn and root. 



THE CENTRAL NERVOUS SYSTEM. 287 

Lissauer's column appears as a small area capping the apex of the 
posterior comua ; it consists of fibres from the lateral part of the 
posterior nerve-roots, which, proceeding from the cells of the spinal 
ganglia, are passing to higher levels of the cord. 

The framework of the spinal cord consists of the penetrating 
pial processes, which divide the white matter into numerous areas 
as well as convey the blood-vessels into the nervous tissue. From 
the large fibrous partitions finer secondary trabecule are given off; 
these, in turn, divide and subdivide until they become lost as delicate 
fibrils among the nervous elements. In addition to the framework 
of connective tissue contributed by the pia, the specialized sup- 
porting tissue of the nervous system, the neuroglia, is distributed 
throughout the cord, filling up the coarser meshes of the connective- 
tissue reticulum and intimately uniting the more important nervous 
elements. 

The neuroglia occurs immediately beneath the outer pial invest- 
ment as a condensed peripheral zone, from which prolongations 
accompany the pial septa, 

as well as intermingle with P'o- po. 

the nerve-fibres ; among 
the latter lie the charac- , 
teristic spider-cells, 
sending their long, deli- 
cate processes between 
the fibres. 

The white matter of 
the cord is made up seem- 
ingly of great numbers of 
small round nucleated ele- 
ments, held together by 

the supporting neuroglia. nerre-fibltt m Jtc.ion ; i. >ii»llcr fibn^. ; c. .upjfflrtinj 

These apparent cells are ""{^^'^ bt«7«r.^! A r^'^"^"""^"!'*^^^^ 
the nerve - fibres in of nervt-fib™ h>>c b«D km.' 
transverse section, the 

supposed nuclei being really the cut axis-cylinders ; an irregularly 
concentric striation is usually present around the axis- cylinder, this 
appearance being produced by the partial distortion of the medullary 
subsunce. The nerve-fibres of the cerebro-spinal axis possess no 
neurilemma, the surrounding neuroglia affording the necessary 
protection. 

The individual nerve-fibres composing the white matter of the 
cord vary greatly in diameter (1-27 /i) ; while the thick and the thin 
fibres are found side by side in all regions of the cord, certain 
columns are characterized by the predominance of thick fibres. 




288 



NORMAL HISTOLOGY. 



while Other tracts contain mostly small ones. With reservation, it 
may be assumed that motor fibres are generally the largest (15- 
20 /i): hence the nerves issuing from the anterior cornua contain 
principally hbres of lai^e size ; the posterior sensory nerves and 
the sensory tracts, on the contrary, contain chiefly small fibres, 
although a number of fibres of large diameter are usually present. 
The largest fibres occur within the direct and crossed pyramidal 
tracts the smallest within the column of Goll 

The Twhite commissure in man forms a continuous nervous 
lamella 3- 5 mm in thickness which separates the gray com- 
missure from the bottom of the anterior median fissure ; in many 
animals the white commissure is incomplete being represented by 
isolated commissural bundles found only at certain levels. 

The gray matter while presenting the general H-fonn through- 
out the cord differs in the details of its arrangement in the several 
regions The gray mat- 
Fic 321 ter shares in the in- 

creased size which char- 
acterizes the cervical and 
lumbar enlargements, its 
amount being absolutely 
as well as relatively 
greatest in the lumbar 
region 

Typical cervical sec- 
tions are distinguished 
by their large size, great 
transverse diameter, and 
large H of gray matter, 
the anterior cornua of 
which are robust and 
c ^ , J, ' I ,...„,, broad while the poste- 

Sc on of ip nil cord from Ihom: cregonofchld^A r- 

KD lai (an «H> > mod doru] (poMrner) midiaD fiuun c rior horns are slender. 
coiun-nofcuAt Sections from the tho- 

racic region are smaller 
than those from either above or below, and present an almost circular 
outline ; the gray matter possesses crescents only slightly curved, with 
slender horns both in front and behind. Cross-sections of the 
lumbar cord are recognized by being broad, having a deep anterior 
fissure, and pos.sessing a large, thick H which greatly encroaches 
upon the white matter. The latter diminishes relatively, as well as 
absolutely, on reaching the conus medullaris, where it is reduced 
to a mere shell. 
The gray matter of the halves is united by the gray commissure. 
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in the middle of which liesthe minute central canal, the direct 




amtinuation of the ventricular cavities of the encephalon and the 
f^mains of the large neural canal of early fcetal life. That part of 
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* 8Tay commissure lying in front of the central canal constitutes 
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the anterior gray commissure, while that behind the canal is th^ 
posterior gray commissure. 

The histological elements entering into the composition of th^^ 
gray matter include the nerve-cells, the nerve-fibres, the sub — 
stantia spongiosa, the substantia gelatinosa, and the bloo<L — 
vessels. 

The most conspicuous elements of the gray matter are the gaiter 

glion-cells. These are especially numerous in the apices of tlfc^ « 
anterior horns, whec — e 
they form almost cor-3- 
tmuous columns Th^e 
motor cells are large&.-a, 
those found m the anteri«Z3r 
cornu bemg distmguish^s^i 
by their great size (65-1^30 
p) as well as by th^^ir 
numerous branched pc— o- 
cesses The ganglio ^n- 
cells of the anterL ^t 
cornu are disposed in 

groups of which th^^re 
may be recognized usually 
a small median groLJS-p. 
occupying the mner i»^^n 
of the horn but wantmr»g 
in the lumbar region, ^m-m-^i 
a conspicuous large ^m.:*^- 
tero-lateral group, wl» i*^'' 
lies in the outer angle *^^ 
the horn ; the posteK~»*2f 
outer angle, where the ^i-"" 
terior cornu is broad and well developed, contains often additional ^F 
a postero-lateral or an external group. 

The ganglion- celts of the posterior horn are much smaH*^ 
(15-20 p) and irregularly distributed to the outer side of the cof*^" 
and within the substantia gelatinosa. 

In certain regions of the cord, principally from the eighth cC^^^^' 
cal to the third lumbar nerve, much less markedly in the upF^^^ 
cervical and in the sacral region, a distinct cluster of nerve-celb ex*^^ 
at the juncture of the posterior root and the gray commissure, wh*'^^'' 
marks the position of the vesicular column of Clarke. The g^ *' 
glion-cells of this tract vary in size (30-90 ;*), but possess an averafc^* 
diameter of 70 m, thus standing midway between the largest mot*'' 
and the smallest sensory elements ; the neurits of these cells p^»^ 
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ito the white matter and constitute the nerve-fibres of the 

^bellar tract. 

:eral horn when well developed, as in the intermedio- 

actofthetho- 

on, also con 

jps of small 



bipolar cells 
) which re 
i isolated cells 
iterior comu 
iition to the 
f nerve cells 
isolated clus 
outlying 
- cells exist 
he gray sub- 
thin the white 
the antero 
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composition 
-ay matter is 

:ate, including 

«3 not only 

es of vanous 

:h meduUated 

1 - medullated 

tless 6bnls of « bioodnsK 

thickness de- 

1 the processes of the ganglion -cells, but also the universally 

jbstantia spongiosa, the modilied neuroglia of the gray 

hich contributes additional nuclei and fibrils of its own. 

It advances in our knowledge concerning the processes of 

s have introduced new elements of complexity, for it must 

bered that, in addition to the richly-branched protoplasmic 

, the axis-cylinders contribute numerous fibrils both as the 

.1 fibres and as the net-works of fine terminal fibres in 

axis-cylinder processes of cells of the second type end. 
ation between the various nerve-fibres and the cells of the 
eris a question of great difficulty ; the researches of Golgi, 

Cajal, KoUiker, and others within the last few years have 
d that the protoplasmic processes probably neither anas- 
with one another nor unite with nerve-fibres ; likewise, 
xis-cylinder processes of certain cells are directly continued 
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as nerve-fibres, these being especially the cells of the anterii 
horn, which are prolonged into the large motor nerves. 

Fig. 326. 




of 



Diagram illustrating the probable relations between the celw and the fibres and the principal 
of the spinal cord ; the left half of the figure exhibits the communications of the sevvai varie 
nerve-cells \ A,P, anterior and posterior comua of gray matter ; PR, posterior root-bundles ; 
direct pyramidal tract ; CP, crossed pyramidal tract ; DC, direct cerebellar path ; GB, C 
tract : a, motor cells passing directly into fibres of anterior roots of spinal nerves ; h, various 
the anterolateral column, including elements of Clarke's column (y) and of substantia 
some give off collateral branches of remarkable size ; e, commissural cdls ; d, cells to 
column : #, Golgi cells of posterior horn. The right half of the diagram shows the commi 
established by means of the collateral fibres. (After Lenkostik.) 

The posterior root-fibres are afferent processes of the nerve-c^^*^ 
situated within the spinal ganglia. On gaining the posterior colurr* ^^ 
of the cord, the sensory fibres divide into ascending and descendi^i^S 
branches, from which collateral twigs are given off at various lev^*^ 
The collaterals, after a longer or shorter course, pass horizont^J-y 
into the gray matter, and terminate, in the majority of cases, '" 
arborizations closely related to the nerve-cells of the posterior Ho^^* 
These latter cells supply the links of communication between '^^^ 
sensory and motor roots, thereby establishing the paths for spi*^^ 
reflexes. In some cases the sensory fibres traverse the gray macrter 
and end directly in relation to the cells of the anterior horn. WJ^"^ 
many of the cells of the posterior horn are confined to the gray nr»a^ 
ter, others send their nerve-processes into the surrounding vft^^te 
matter to form particular tracts of nerve-fibres. 
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The accompanying diagram, after Lenhoss^k, illustrates the vari- 
ous groups of nerve-cells now recognized as taking part in the com- 
position of the gray matter, as well as the assumed communications 
established by the collateral fibres within the cord. 

In addition to the nerve-cells and the fibres, the gray matter is 
everywhere pervaded by the supporting and uniting substantia 
spongiosa ; this ground-substance is composed of neuroglia fibres 
and richly-branched neuroglia cells, the latter being rather more nu- 
merous than in the white matter. Covering the posterior cornu 
and immediately surrounding the central canal of the cord, the 
ground-substance is modified to become the apparently almost homo- 
geneous substantia gelatinosa; the mass capping the posterior 
horn, the substantia gelatinosa Rolandi, contains some few fusi- 
form nerve-cells and presents a striation produced, in part at least, 
by the course of the posterior root-fibres. The zone of clear ground- 
matrix surrounding the central canal of the cord, the substantia 
gelatinosa centralis, markedly differs from that on the posterior 
cornu, in being composed principally of closely-felted neuroglia 
fibres ; in certain regions (cervical and dorsal) the gelatinous sub- 
stance encroaches somewhat upon the gray commissure. 

The central canal occupies the gray commissure, being contin- 
uous with the cavity of the fourth ventricle above, and ending blindly 
below in the upper half of the filum terminale. The canal does not 
occupy the centre of the gray commissure, since it lies rather ven- 
trally to that point, especially in the lower part of the cord. 

The columnar epithelium lining the canal is an extension of 
that of the cerebral ventricles. In children, and in many animals 
at all ages, the surface of the cells directed towards the lumen is 
clothed with cilia ; the opposite ends of the cells terminate in long 
slender processes, which extend deeply into the surrounding struct- 
ures. The lining cells represent the spongioblasts, which in the 
embryonic cord closely crowd around the central canal and send long 
delicate fibres from their outer ends through the cord as far as the 
pia, while from their inner sur&ce the hair-processes, the cilia, pro- 
ject into the central canal. The epithelium, with the subjacent 
neuroglia layer on which the cells rest, constitutes the ej)endvma . 

The form and size of the central canal, which represents the 
remains of the primitive neural tub e, vary in the different divisions : 
in the upper cervical region its cross-section is somewhat quad- 
rilateral, fi*om the level of the fifth cervical nerve becoming oval 
or slit-like, with the cleft placed parallel with the commissure. In 
the dorsal region the canal gradually approaches the circular form, 
while in the lumbar it once more becomes a compressed oval, 
with, however, the long diameter coinciding with the sagittal plane. 
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The canal of the sacral cord and of the conus medullaris assumes a 
JL-form, consisting of a ventral wider arm and a narrow dorsal ex- 
tension ; an irregular dilatation in the lower part of the conus has 
received the name ventriculus terxninalis. The cords of chil- 
dren and of many animals contain a completely pervious central 
canal ; in the human cord in later life this is usually more or less 
occluded, although much variation exists in this respect. The upper 
cervical, lower lumbar, and sacral regions usually contain, even in 
the adult, a partially pervious tube. Overgrowth of the lining 
cells, as well as of the subepithelial substantia gelatinosa, is the prin- 

FiG. 327. 




Section of spinal cord of liuman embryo stained by Golgi silver method ; the left half of the fignr^ 
exhibits the neuroglia-cells, while the right shows the elements constituting the framework of theepes*" 
dyma. (After Lenhossik.) 

cipal factor in the closure of the central canal, which, however, must 
be regarded as a normal change and not a pathological process. 

The blood-vessels of the substance of the cord are arranged in 
two groups: those entering at the periphery, including the 
larger branches which follow the connective-tissue septa ; those de- 
rived from the arteria sulci, given off from the anterior spinal 
artery and lodged within the anterior median fissure, from which 
branches are distributed to the gray matter. Of the numerous 
arteries which enter at the circumference, the finer usually terminate 
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within the white substance, while the coarser alone i>enetrate 
into the gray matter, the outer zone of which they in part supply. 
The vessel occupying the posterior median septum, the arteria fia- 
sum posterioris, is the most important of the peripheral branches : 
twigs also accompany the anterior and posterior root-bundles. 

At the bottom of the anterior median fissure the arteria sulci- 
divides into two sulco- com mis sural branches, which, diverging 
slightly, enter the gray matter to the inner side of the base of the 
anterior horn. After a short course within the gray substance, these 
vessels break up into a number of twigs, which soon form close cap- 
illary net-works within the anterior and middle parts of the gray 



Fig. 338. 




crescents ; a branch of some size passes backward to supply the 
region corresponding to Clarke's column. The sulco-commissural 
artery likewise gives off vertical anastomosing branches, one 
passing brainward, the other caudalward, to unite with similar off- 
shoots from the corresponding arteries of different planes. The veins 
follow in general the course of the corresponding arteries : some of 
the blood, however, brought by the sulcal artery is carried off by the 
peripheral veins. .- rf . ^ 

THE MEDULLA. " 

The differences between the medulla and the spinal cord are 
rather of arrangement than of any great variation in structural 
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elements, since the tissues of the cord are prolonged into the medulla, 
where the increased importance of parts before relatively incon- 
spicuous, together with the addition of new masses of nervous matter, 
brings about the redisposition of the structures continued from 
the cord. The changes taking place in the transition of the cord 
into the medulla consist primarily in a modification of th^ gray 
matter ; the principal factors are the gradual increase in the size 
of the tracts of the [osterior column and the decussation of fibres 
from the lateral column destined to aid in forming the anterior pyra- 
mids. The changes wrought by the first 
^"^- 329- fector are earliest indicated, and affect par- 

ticularly the posterior comua of the gray 
substance, while the second modifies the 
anterior horns. 

An intimation of the changes to follow 
b seen in sections as low as the first, or 
even second, cervical nerve in the thick- 
ened club-shaped accumulation of gray 
matter representing the posterior comu, 
connected by an extended and attenuated 
ii» ^1 LikuTby Abro of croKtd Stalk wlth thc chicf mass. With the pro- 
^!ri^i^i!Ll^'( )*' "d V'Vb' "r gi'^ssive increase in the size of the columns 
putcricx' coiuniD (1} higher up to of Goll {/uniculus graciHs} and the col- 
fc™ Kuocy dKuuiHuii. (Afi.r umns of Burdach {/uniculus cuneatus) 
the posterior horns are displaced more and 
more laterally and ventrally until the cornua with their supporting 
necks lie nearly horizontally, forming almost a right angle with the 
posterior median septum. The increased mass of the substantia 
gelatinosa not only approaches the surface, but gradually displays its 
growth by the formation of the projection known as the funiculus 
of Rolando, which, higher up, expands into the tubercle of Ro- 
lando. The greater size which the tracts of the posterior column 
assume is produced by the accession of masses of new gray matter, 
the nucleus gracilis and the nucleus cuneatus. These gray 
nuclei are at first narrow, but become more robust as the medulla is 
ascended. The ascending fibres of the posterior cord columns (Goll 
and Burdach) end in arborizations closely related to the cells of the 
nucleus gracilis and cuneatus ; from these nuclei new fibres spring 
which pass partly to the cerebellum of the same and the opposite 
side, as the posterior and the anterior external arcuate fibres, and 
partly to higher levels by way of the mesial fillet, as the decussating 
deep arcuate fibres. 

With the opening out of the central canal of the cord into the 
fourth ventricle the gray matter lying originally dorsally to the canal 
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becomes laterally displaced, white the remains of the base of 
the anterior horn come to the surface of the ventricular floor, 
and assist in forming the projection of the funiculus teres. A 
longitudinal column of large nerve-cells occupies part of this, forming 
the nucleus from which the numerous bundles of the roots of the 
hypoglossal nerve arise. 

The changes affecting the anterior cornuaof the cord are produced 
primarily by the decussation of those fibres of the lateral column 

Fig. 331. 







af oppotiie ddc: r» oiHtier of bai 
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{MUr JiltMl-Dmal,) ii:<:cMMari olive ; 1. HnioiV pa^tTon of utoior 
prnmidi. (Aft« Trilml-Din/ml.) 

which contribute to the formation of the anterior pyramids. The 
fibres of the crossed pyramidal tract, in taking the shortest course 
to reach the point of decussation, cut obliquely through the gray 
substance in such a manner that the anterior cornu becomes broken 
up, its caput being entirely separated ; the remaining portion of 
its base forms a small mass of gray matter lying ventre -laterally to 
the central canal. The isolated segment of the anterior cornu is 
pushed to the side by the development of the pyramid, and, higher 
up, by the additional displacement caused by the appearance of the 
olivary body between the caput cornu and the pyramid ; in conse- 
quence the separated part is displaced both laterally and dor- 
sally, and becomes the lateral nucleus, taking up a position in 
close relation with the now ventrally situated posterior horn. By 
the penetration of transverse and longitudinal fibres the greater part 
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On reaching the inferior olivary bodies, new groups of ele- 
ments are introduced ; of these the most important is the nucleus 
of the olive, or corpus dentatum. This consists of a wavy sheet 
of gray matter so disposed that it forms collectively a compressed 
ovoid capsule or shell, closed externally, but open towards the 
median side, through which hilum the nerve-fibres gain access to 



Fig. 334. 
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the interior. The considerable tract of nerve-fibres entering the 
liilum constitute the olivary peduncle, having crossed the raphe 
from the tracts of the opposite side. After gaining the interior of 
the olivary body, they diverge towards the lamina of gray matter, 
■which they traverse in their course to the restiform body and thence 
to the cerebellum. These olivary bundles form part of the lateral 
arcuate fibres, but consist, for the most part, of nerve-fibres of 
smaller diameter than those composing the internal arcuate fibres. 
Two additional small areas of gray substance are seen in 
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close proximity to the corpus dentatum : these are the dorsal or 
outer and the mesial or inner accessory olivary nuclei, the 
first of which lies behind the olivary nucleus, near and parallel to 
its wavy band, while the second lies almost across the open end of 
the corpus dentatum. 

Attention has already been directed to the tract of large nerve- 
cells which lies near the median line and represents the nucleus 
of the hypoglossal nerve. In the lower part of the medulla, 
before the central canal opens out into the ventricle, a group of 
numerous smaller cells lies close but dorsally to the nucleus just 
mentioned ; as the central canal approaches the surface the tissues 
forming its former dorsal border become gradually laterally displaced, 
in consequence of which this group of nerve-cells then comes to lie 
outside of the hypoglossal nucleus. These cells form a continuous 
column throughout almost the length of the medulla, constituting 
a common receptive nucleus of the pneumogastric and glosso- 
pharyngeal nerves. 

The four principal tracts of the medulla are made up chiefly 
of the continuations of the columns of the cord ; without entering 
into a detailed account of these structures, a brief outline of the 
most important of the constituents of the tracts may here find 
place. 

1. The anterior pyramid is composed of two sets of fibres : the 
continuation of the direct pyramidal tract of the anterior column of 
the cord, which does not take part in the decussation of the pyra- 
mids, and the continuation of the crossed pyramidal tract of the 
lateral column. The proportion of the crossed to the uncrossed 
fibres varies greatly ; while usually from three to ten per cent, of 
the pyramidal fibres pass directly into the anterior columns of the 
spinal cord, total decussation of these fibres takes place in about 
eleven per cent., in such cases the anterior pyramidal tract being 
evidently wanting. In only about sixty per cent, is a symmetrical 
disposition of the two pyramidal tracts on each side observed. 

2. The lateral tract claims all the fibres of the lateral column not 
included in the crossed pyramidal and the direct cerebellar tract, 
together with the external anterior or ground-bundle, since the latter 
really is a part of the adjacent tract of the lateral column. The 
antero-lateral fibres enter beneath and at the side of the anterior 
pyramid and pass under the olivary body and the arcuate fibres to 
take part in making up the formatio reticularis ; the sensory fibres 
derived from the posterior columns after crossing in the sensory 
decussation pass brainward and aid in forming the mesial fillet. 

3. The restiform body contains constituents from a number of 
sources ; these may be arranged in two groups, — those derived 
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from the cord and the medulla and those arising from the 
pons. The first group comprises : 
(a) The direct cerebellar tract of the lateral column. 
(^) The posterior external arcuate fibres from the nucleus gracilis 
and nucleus cuneatus of the same side. 

(c) The anterior external arcuate fibres from the nucleus gracilis 
and nucleus cuneatus of the opposite side. 

id) The internal arcuate fibres from the inferior olive of the oppo- 
site side. 
(e) Fibres from the lateral nucleus of the medulla. 
The pontine group includes : 

(/) Fibres from the superior olive of the opposite side. 
(^) Fibres fi-om the acoustic nucleus of the same side. 
4. The posterior pyramid is the upward prolongation of the 
postero-median column of the cord. On approaching the lower 
angle of the fourth ventricle, this column, or the funiculus gracilis, 
exhibits the pronounced thickening of the clavus, which contains the 
iiucleus gracilis and then merges into the restiform body. 

THE PONS. 

The pons, as may be inferred from the mutual relations of the sev- 
eral divisions of the brain which it connects, consists very largely of 
l^undles of nerve-fibres ; in addition to these, areas of gray mat- 
Xer, the pontine nuclei, supplement the nerve-fibres in making up 
its mass. On section the pons exhibits two portions, the dorsal and 
the ventral. The latter contains the principal decussating tracts 
connecting the cerebral cortex and cerebellum, and constitutes a 
robust mass of transverse fibres ; through this the longitudinal 
hundles of the anterior pyramids of the medulla force their way in 
their course from the cerebrum. In the lower half of the pons the 
pyramidal fibres are collected into two closely- packed groups of 
bundles, one on either side of the mid-line, which are enveloped in 
front and behind by a layer of transverse fibres ; higher up, above 
the middle of the pons, the pyramidal tracts become separated by the 
penetrating transverse bundles into a number of fasciculi. Among 
the transverse tracts, therefore, are recognized the ventral or super- 
ficial bundles and the dorsal or deep bundles, the latter forming 
the corpus trapezoideum. Small multipolar cells are found 
widely distributed in the ventral region of the pons within the gray 
matter which occupies the interfibrillar interstices. 

The dorsal portion of the pons consists largely of structures rep- 
resenting the continuation of parts already encountered below, espe- 
cially of the formatio reticularis and of the dorsal tracts of gray 
substance. In addition to the gray matter scattered throughout 
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the reticulum other localizations represent important nuclei of cra^^al 
nerves. The sheet of gray matter lymg in the lower half of the v ^n- 
tricular floor is continued over the pons and there gives rise to 
nuclei connected with the V VI VII and VI II nerves. While '•he 
details of the sections must vary w th each plane, the general cJis- 
position of the structures is shown in sections passing througlm at 
about the middle of the fourth ventncle In such sections the doarsa/ 
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or tegmental portion of the pons bears a resemblance to the me- 
dulla, the gray dorsal stratum giving rise to fibres which pierce the 
reticulum in their course to the free surfece. 

At a somewhat higher level, lateral groups of pigmented nerve- 
cells occupy the floor of the fourth ventricle ; these cells are so 
dark that they collectively present an area visible to the unaided eye, 
the substantia ferruginea ; seen through the stratum of white 
fibres forming the immediate floor of the ventricle, this area appears 
of a bluish-gray or slate-color and constitutes the locus cceni- 
leus. Close to this pigmented area, lying to its mesial side and near 
the raphg, an angular tract, known as the posterior longitudinal 
bundle, extends beneath the gray matter of the ventricle, just at the 
dorsal border of the reticular formation. This fasciculus, also prom- 
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inent at higher levels, establishes important communications between 
the nuclei of several cranial nerves. 

THE CRURA. 

The crura cerebn or cerebral peduncles resemble the pons 
in general arrangement s nee they consist of a ventral portion, the 
crusta pedunculi or the cerebral peduncle proper made up 
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exclusively of ascending and descending fibre-tracts, and of a dorsal 
portion, the tegmentum, which contains the prolongation of the 
fbrmatio reticularis and of the dorsal stratum of the gray substance 
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of the medulla and the pons. On transverse section of the crura, 
it is seen that the tegmental halves are united, while the two 
peduncular portions are widely separated and are attached to 
the tegmentum alone ; the oblique line of this juncture is indicated 
within the section by a deeply pigmented area, the substantia 
nigra. 

The crusta is hemi-cyliridrical in section, but the encroachment 
of the substantia nigra reduces the area devoted to the ascending and 
descending fibres to a narrow crescent, whose convexity corre- 
sponds to the external outline of the peduncle, while the concavity 
embraces the dark field. Since the tracts of ventral, nerve-fibres of 
the peduncle greatly exceed the pyramidal bundles of the pons, it is 
evident that many additional fibres have arisen within the peduncles. 
On reaching the cerebral hemispheres in their course upward, the 
tracts of the crusta become continuous with the fibres constituting 
the internal capsule. 

The substantia nigra, separating the crusta and the tegmentum, 
forms a tract of gray matter extending from the upper border of the 
pons forward as far as the mammillary bodies ; while it gradually 
diminishes in its forward course, the mesial edge of the mass becomes 
thickened in the vicinity of the oculo-motor groove. The area owes 
its exceptional color to irregular groups of deeply pigmented 
multipolar cells embedded within a finely granular ground-sub- 
stance. 

The tegmentum forms only part of the great nuclear tract 
continued through the dorsal portion of the oblongata, the pons, and 
the peduncle into the subthalamic region ; as in the other localities, 
so here, the stratum of gray matter lying beneath the floor of the 
neural tube and the formatio reticularis are its principal constit- 
uents. In addition to the gray matter distributed throughout the 
reticulum, groups of nerve-cells are situated along the floor of the 
Sylvian aqueduct ; some of these are of importance as the nuclei 
of the bundles of the oculo-motor and the pathetic nerve. Near the 
middle of the formatio reticularis, on either side of the raph€, lies a 
conspicuous group of large pigmented nerve-cells, the tegmental or 
red nucleus, so called on account of its brown or reddish hue. The 
formatio reticularis of the tegmentum differs little fi'om the similar 
structure at lower levels. In general, the fibres contained within 
the crusta connect with the motor areas of the cerebral cortex, 
while those of the tegmentum usually terminate in or about the 
thalamus. 

THE CEREBELLUM. 

The cerebellum consists of a peripheral or cortical layer of gray 
substance which encloses the various tracts of nerve-fibres composing 
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the white matter of the medulla together with certain additional gray 
nuclei embedded with n the latter On section each leaflet of the 
cerebellum s seen to be made up of (i) a central core of wrhite 
medullary substance wh ch blends nto (3) the granule layer, 
characterized by Is rust-color external to wh ch follows (3) the 
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outer or molecular stratum ; between the latter and the granule 
layer lies {4) the single row of gangtion-cells which constitutes the 
layer of the cells of Purltinje. 

The granule layer forms a zone conspicuous on account of the 
great number of small deeply-staining cells which it contains. It 
varies in thickness, being broadest at the summit of the laminse 
and narrowest at the bottom of the fissures. Towards the outer 
layer the zone is sharply defined, but it fades away on the median 
side into the medullary substance. 

The nerve-cells of the granule layer are of two kinds, — the 
small and the large ganglion-cells, . The former are small (6-7 /i) 
round elements, stain deeply, but possess so little protoplasm that 
the greater part of the cell is formed by the nucleus. These cells, 
the principal elements of this layer, are arranged in irregular groups ; 
they are multipolar, and have, according to recent investigations, 
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branched protoplasmic as well as nervous or axis-cyli 
processes; while the former ramify among the cells of the gri 
layer, the delicate nervous processes extend into the < 
molecular layer, where they usually end by dividing into Ion 
dinal T-branches which stretch horizontaUy parallel with the 
daries of the zone. The processes of these cells are so delica 
well as so masked by the surrounding elements, that their exL' 
has been established only after the introduction of the recent me 
of Golgi, the results of whose investigations have been confirm 
Ram6n y Cajal, Kolliker, and others. Other nervous elemei 
the granule layer are the sparingly-distributed multipolar ■ 
much larger than the ones just considered, which resemble in s 
ure and size the cells of Purkinje, and, like them, possess ri' 
branched protoplasmic processes extending within the mol< 
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layer ; they differ in the distribution and form of the axis-cyli 
processes. The latter are directed towards the medulla, but, ir 
of passing into the granule layer to become continuous with r 
fibres, the processes in question divide and subdivide into an a: 
ization of great richness. The ramifications of the two variet 
nerve-cells of the granule layer, therefore, are distributed in a m 
directly opposed, the nervous processes of the small cells termir 
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within the outer layer, while those of the larger cells divide within 
the granule layer ; in both cases, it will be remarked, the axis-cylinder 
processes terminate entirely within the gray matter, thus identi- 
fying their possessors as nerve-cells of the second type. In 
addition to the nervous elements, a few flattened cells, with feebly- 
developed processes, are scattered throughout the granule zone; 
these are to be regarded as belonging to the supporting irame- 
ivork. The interstices between the numerous nerve-cells are pardy 
occupied by the plexus of meduUated nerve-fibres which are 
derived from the bundles of parallel fibres continued from the medul- 
lary tracts ; some of these fibres pass beyond the nuclear layer to 
end within the molecular zone. 

The cells of Purkinje form the thinnest but, at the same time, 
the most characteristic layer of the cerebellar cortex. These de- 
ments, among the largest ganglion-cells in the body, are disposed as 
a single row at the junction of the nuclear and the molecular layer, 
and present pyriform or flask-shaped bodies, 60-70 t^ in their longest 
diameter, placed vertically to the plane of the zone, with the larger, 
rounded end resting on the outer margin of the nuclear layer, while 
the smaller end is directed towards the periphery. Each cell pos- 
sesses a large nucleus (15 /x) as well as a nucleolus, and differs 
from other ganglionic elements in containing little or no pigment. 
The central pole is prolonged as the axis-cylinder process, which, 
after giving off collateral fibres, passes on to become the axis-cylinder 
of a meduUated nerve. The most distinctive feature of these cells, 
however, is the distribution of their protoplasmic processes. 
A thick tapering process, usually single, but occasionally double, 
extends from the small end of the flask-shaped body towards the 
periphery ; this stem very soon divides into two, the branches run- 
ning horizontally, sometimes almost at right angles to the parent 
stalk before turning towards the surface ; the peculiarity of the rich 
ramification which follows is the dominating vertical direction of the 
larger branches. While the pictures presented by the cells of Pur- 
kinje in successfully-stained sections have alwa3rs been among the 
most striking, it was not until the introduction of Golgi's silver 
method that a full appreciation of the remarkable richness of these 
ramifications became possible. In such preparations the molecular 
layer is occupied to its extreme periphery by the intertwining but 
ununited fibrils of the branching processes. The extent and 
breadth of these apparent net-works, however, vary with the point 
of view, for the cells send out their branches especially in a direction 
at right angles to the long axis of the convolution or the medullary 
tract, while in a plane parallel to this axis the branches are limited 
to a narrow zone, scarcely wider than the body of the cell : it follows 
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that in order to display Purkinje's cells to the best advantage the 
tissue should be sectioned across, and not parallel with, the axis 
of the convolutions. These cells, further, are not placed at uniform 
distances throughout the row which they form, but are more numerous 
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and more closely arranged at the summit of the convolutions, 
at the bottom of the fissures being more widely separated ; these 
variations correspond with the areas of greatest and least development 
of the nuclear layer. 

The molecular or outer layer consists of a ground-substance 
of finely-reticulated supporting neuroglia, in which extend the elab- 
orate arborizations of Purkinje's cells, together with certain 
nervous elements belonging to this zone. These latter are of two 
kinds : small multipolar cells whose branched protoplasmic pro- 
cesses extend towards the periphery, while the nervous process is 
directed centrally, but probably is confined to the molecular layer, 
and larger elements distinguished by the remarkable termination 
of their axis-cylinder or nervous processes. While the protoplasmic 
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processes ramify within the outer part of the molecular laye 
axis-cylinder process, after a short course, passes horizo 
near the margin of the large-celled layer, and, at various inte 
sends off lateral branches which subdivide to form net-ivorl 
fibrils, the fibre-baskets, or basket-works, around the b( 
of Purkinje's cells. In addition to the nervous elements, 
belonging to the neuroglia are scattered throughout the zone 
already stated, certain of the nerve-fibres entering the granule 
continue into the outer layer ; these fibres, after penetrating 
short distance, divide into terminal branches, many of ' 
extend horizontally, parallel to the boundaries of the zone, U 
free, in close relation but without direct continuity wit] 
nerve-cells. 

In addition to the peripheral cortical layer, the cerebellum pos 
other masses of gray matter, the central nuclei, embedded i 
the medullary substance of the vermiform process and of the adj 
parts of the hemispheres. The central nuclei are two : the nui 
dentatus, situated within the hemisphere of each side, an< 
nuclei of the roof, within the worm ; the nucleus embolifc 
and nucleus globosus, sometimes described as separate centre 
really parts of the complicated dentate nucleus. 

The dentate nucleus consists of a greatly plicated pouc! 
sheet of gray substance, .3-5 mm. in thickness, situated with! 
fibre-tract of the superior peduncle of the cerebellum. The m 
cells contained within the band are of moderate size (25-35 f^ 
pigmented to a variable degree ; the loosely-packed cells p< 
branched processes extending outward, and an axis-cyli 
process directed towards the medulla. Numerous nerve-f 
pass between the cells and connect the white core within the ni 
with the surrounding medullary substance. 

The nuclei of the roof consist of irregularly ovoid areas of 
substance (6-8 mm. in length) situated within the vermiform pre 
almost in contact along the mesial line. The masses contain 
pigmented multipolar ganglion-cells (45-80 mm.) and num 
nerve-fibres, some of which are exceptionally large. 

The medullary or white substance of the cerebellum 
braces the numerous bundles of nerve-fibres which maintair 
intricate and far-reaching communications of this division oi 
brain. The cerebellar fibres are arranged in three prim 
tracts, the cerebellar peduncles; the lower of these c 
sponds to the corpus restiforme, the middle to the pedui 
pontis, and the upper to the processus cerebelli ad cor 
quadrigemina. 

The fibres of the white matter are disposed in thin flat bun 
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which diverge from the chief stem as the primary and secondary 
medullary branches ; these form the *' arbor vitae.*' 

The blood-vessels supplying the cerebellum, principally branches 
of the vertebral and basilar arteries, after repeated division within 
the pia, send small branches vertically into the molecular layer 
as &r as its inner boundary ; a rich vascular net-work surrounds 
the cells of Purkinje : while capillaries are wanting within the pe- 
ripheral zone of the molecular layer, they are well represented 
in the granule layer and among the nerve-bundles of the me- 
dulla, where the blood-vessels run between the fibres and form elon- 
gated meshes which correspond to the disposition of their tracts. 

THE CEREBRUM. 

The cerebral hemispheres consist of a thin outer sheet of gray 
matter, the cortex, which everywhere covers in the white matter of 
the medulla, accurately following the intricacies of the convoluted 
surface of the brain ; in addition to the cortex, large special masses 
of gray matter lie within the medullary substance and take part in 
the constitution of the nucleus caudatus, the nucleus lenticu- 
laris, the thalamus, the corpus subthalamicum, and the minor 
collections of lesser importance. 

The cerebral cortex forms a dark, peripheral zone, 2-4 mm. in 
thickness, which is best developed in the ascending frontal and the 
paracentral convolution, being thicker at the summit of the gyri than 
in the fissures ; the gray stratum appears least conspicuous in the 
posterior part of the occipital lobe. 

The arrangement of the elements of the cortex in layers is indi- 
cated by the stratification which the vertically-cut surface of the 
cortex presents even to the unaided eye ; in favorable situations 
three bands are distinguishable, an outer white, a middle gray, 
and an inner yellowish red; in certain regions, as the superior 
frontal, the precentral, and the occipital convolutions, the layers are 
increased to six by the addition of the stripes of Baillarger. These 
markings, however, do not accurately represent the structure of 
the cortex, which can be studied adequately only in successfully- 
stained sections cut vertically to the free surface of the convolution 
and parallel with the general course of the nerve-fibres. In such 
preparations five zones are recognizable, which, however, are not 
sharply defined from one another, but are often blended. 

I. The first or outer layer, next the pial surface, about .25 mm. 
in thickness, is composed essentially of neuroglia, together with 
numberless delicate terminal ramifications of the protoplasmic 
processes of nerve-cells situated within the deeper layers, and a 
few tangential nerve-fibres ; the protoplasmic threads contributed 
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by the cells are so plentiful and 
closely interwoven that they con- 
stitute no inconsiderable pan of 
the fine ground reticulum of this 
lajer Immediately beneath ihe 
surface of the nervous matter, the 
I sub pial zone forms a nairo* 

i[ ' stratum (10-25 1") composed »^' 

, ii \t^ ^ most entirely of neuroglia, i^ 

i> '»"/'■ t i! *'t\W '' which lie numbers of spider c^^ 
N 'i.%*Ml I *'%.l Deitera s cells. The nerve-fibrrf^ 

* 1 * 1 V'i '^^ ^^'^ ^^^^ extend parallel wit - 

i i ^ ' J the free surface, 

i If 2 The second layer (.2; 



'h' 



i 



^ i 111 ^^ ^ ^ characterized by th^^ 

* * I profusion of its closely- packed^ 



I ' J j i jX small triangular or pyramidal -* 

J * * * nerve cells, the branched pro- ' 

i I 1 ' toplasmic processes of which ' 

, '1 ' \ 1 extend m various directions to- ' 

I i ' ' ' * wards the periphery, while their " 

^ I axis cylinder processes termi- 

|, ^ ' f^ nate within the gray matter, often 

1 ^ # I , ending in T-branches which are - 

^ , I ' I f directed almost at right angles to - 

I I ' the main process. 

^ j ' 3 The third layer, the for- 

j I mation of the cornu Ammoius, 

, I i IS the thickest stratum of the 

' , III ' cerebral cortex, reaching in places 

I * I t [ *• a breadth of 1 mm., and <x>ntains 

111 ' i the most characteristic ner\'ous 

^ * ' elements of the cerebrum, the 

* large pyramidal ganglioo- 

/ ) [ cells This layer is not sharply 
defined from the preceding, since 
the small cells of the latter are grad- 
ually replaced by the larger pyram- 
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idal elements, which become more widely separated and ol greater 

size on approaching the deeper parts of the zone ; in this situation 

their basal diameter may reach 40-50/1. 

The pyramidal cells, in addition to f '"■ 341- 

the general oudines of their bodies, 

atre distinguished by the arrange- 

xnent of their processes ; the pro- 
toplasmic ramifications are disposed 

SLS the principal apical processes, 

^vhich extend towards the periphery 
as far as the sub-pial zone (Retzius) 
and by repeated division form a rich 
arborization within the outer layers 
of the cortex, and as lateral basal 
processes, which pass obliquely from 
the base and break up into rich net- 
works of delicate terminal protoplas- 
mic threads ; in ad^itio^, numerous 
smaller lateral pror esses are given 
off from the sides of the cell. Not- 
withstanding the profiision of the 
fibrib resulting from the subdivision 
of the protoplasmic processes of these 
cells, it is highly probable that the 
fibrils terminate without uniting 
with one another. From the blunt, 
central end of the ceU the axis-cyl- 
inder process extends into the white 
matter, where it becomes continuous 
with a nerve-fibre. These axis- cyl- 
inder prolongations give off recurrent 
collateral processes, which bend 
towards the periphery. The pyrami- 
dal body of the CcU contains a large 
round or oval nucleus, with a dis- 
tinct nucleolus, embedded within a 
finely granular protoplasm, masses of 

brownish pigment almost always occupying the base of the cell. 
The larger pyramidal cells are surrounded by pericellular lymph- 
spaces, which probably communicate with the extensions of the 
subarachnoids an space continued with the prolongations of the 
pia accompanying the blood-vessels within the cerebral tissue. 

4. The fourth layer embraces a closely- pa eked zone (.3-4 mm.) 
composed of small, irregular, oval or angular nerve-cells, 7- 
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14 ;i in diameter ; among the smaller elements a few larger pyramidal 
cells are often encountered, as well as radiating bundles of med- 
ullated nerve-fibres. The cells of this layer resemble those of 
the second, since their axis-cylinder processes are confined to the 
gray matter, the elements be- 
Fio-343- ing, therefore, cells of the 

lii;- - - ; ■ ^*; ^,- second type. 

j'. i ' '' 5. The fifth layer indicates 

J' ' ;i': > the proximity of the white 

V' ' - >■ matter by the large areas occu- 

t' ' ^- Q pied by bundles of radiating 

,. '; nerve-fibres directly contin- 

'' \i\-; uous with the medullary tracts ; 
,'.--■' ^ within the interspaces between 
.; ;, the nerve-bundles lie the small 

and medium - sized cells, 
spindle to pyramidal in fonn, 
: ■ [ jy which characterize this layer. 
While these cells are arranged 
generally parallel with the fibre- 
bundles, sometimes, especially 
.at the bottom of the fissures, 
1 they are placed at right angles 

. /^ ff thereto, in the latter case as- 
I .;, suming a pronounced spindle 

1 type. 

\ The nerve-fibres enter- 

ic ing the gray cortex are ar- 

1 ranged in bundles, from which 

; ' arise net - works variously 

w ;> situated and arranged. The 

V radial bundles proceed as 

such through about half the 
entire thickness of the cortex ; 
StcUun of imnun csrebrai cont. Hiin^d by bcyond thjs levcl thcy rapidly 
BJl^^"»hTw'^.^,'.^*^,^i''"**"r'''°'!.'"''*^'™t' separate into the component 

put 01 1.11,1, miner Md inntr Isyen of gray Hib. CI, I- 1. 1 , ■ 

•HUM .howo : ^.iKhiM miller from wdLchnidudng hbres which take their way 
C°d! "1 f"wrt "0 noi""S''«r between the ganglion - cells. 

mKier: «iiiirefj.i'i.iiy,uimd. '"'' The fibres given off during the 

course of the bundles form net- 
works at all depths occupying the interfascicular portions of the 
layers traversed ; within the deepest part of the fourth layer, how- 
ever, the nervous fibrillse are especially numerous, and constitute 
a conspicuous reticulum in preparations stained by Weigert's 
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method. In the deeper parts of the broad third layer a similar 
well-marked net-vrork occurs, the interlacing fibres of which sur- 
round the nerve-cells of the layer. Beyond this plane nervous 
reticulations occupy the third and second layers and extend into 
the outer zone. 

A limited number of the nerve-fibres terminate within the outer 
layer as axis-cylinders which run parallel with the free surface, 
as do also the terminal ramifications of the axis-cylinder processes 
of some of the ganglion-cells. The recent investigations of Golgi 
and others have shown that many fibres end without demonstrable 
direct anatomical continuity with the nerve-cells, although a 
close relation between the cells and the fibres undoubtedly exists. 

While the arrangement just described may be regarded as typical 
for the greater part of the cortex, a few localities are distinguished 
by modifications which materially affect the histological details. 
These changes depend upon either an arrested development of the 
cortex, as in the septum lucidum, or an increased complexity of 
the cortical arrangement, as in the hippocampal convolution. Less 
conspicuous variations, affecting one or more layers, are frequently 
encountered ; thus, the paracentral convolution contains the 
largest pyramidal cdk, the "giant pyramids" (Betz), the entire 
third layer participating in the increase of size. The occipital 
cortex is especially differentiated by subdivisions of the third and 
fourth layers into eight layers (Meynert), while the gyrus cinguli 
has the third layer separated into an outer group of small and an 
inner zone of larger cells, the intervening space appearing radially 
striated on account of the apical processes which cross it ; within the 
parietal lobes an additional stratum of small pyramidal cells exists 
between the third and fourth cortical layers. 

The involuted cortex of the hippocampal region, including the 
comu Ammonis, or hippocampus major, and the fascia dentata, 
presents considerable complexity. On observing a section of this 
region with low amplification, it will be seen that the cornu Ammo- 
nis consists of a central gray zone bounded both internally and 
externally by a stratum of white substance ; the gray zone 
corresponds to the cortex of other parts, and is continuous with 
the thickened gray mass constituting the fascia dentata above, and 
with the cortex of the hippocampal convolution below. The 
medullary substance of the latter becomes greatly reduced in its 
passage over the comu Ammonis, the attenuated stratum of fibres 
being known as the alveus which is prolonged into the thicker 
fimbria. The white layer enclosing the gray zone on the mesial 
surfece is a conspicuous thickening of the peripheral zone of the 
hippocampal convolution. 
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The several structures composing the cornu Ammonis, examined 
from the ventricle towards the outer suriace, are — 

t. Thealveus, an attenuated layer of medullated nerve-fibres, 
homologous with the medullary substance of the typical convolu- 
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tion. The fibres, while pursuing a course generally parallel to the 
ventricular surface, run somewhat obliquely ; on approaching the 
fimbria the layer increases in thickness and the nerve-fibres assume 
a disposition less oblique, until, within the fimbria, their direction 
almost coincides with the long axis of the cornu Ammonis. 
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2. The stratum oriens, representing the fifth layer of the cortex, 
and containing among the bundles of nerve-fibres numbers of spindle- 
form cells, whose processes extend parallel with the free surface. 

3. The stratum cellulanim pyramidalium, which corresponds 
to the deeper portions of the third cerebral layer, and is conspicuous 
on account of the large pyramidal ganglion -cells. The latter, 
moderate in size (30-40 /*), are arranged in several closely- packed 
rows, and send their axis-cylinder processes into the adjoining 
medullary substance of the alveus, while their long apical proto- 
plasmic processes pass towards the periphery and give to the outer 
part of the third layer a vertical striation, which has received 
recognition as 

4. The stratum radiatum. This layer consists almost entirely 
of the long, tapering processes of the pyramidal elements, 
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which often show a disposition to divide into numerous branches 
before reaching the border of the zone. 

5. The stratum lacunosum, composed principally of axis-cyl- 
inders, which extend parallel to the fibre-layer of the alveus, to- 
gether with the collateral processes from the neighboring nerve-cells. 

6. The stratum moleculare, which contains sparingly distributed " 
fusiform or pyramidal ganglionic elements, whose protoplas- 
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mic processes extend vertically into the outer part of the zone of 
pyramidal cells, as well as laterally within the molecular layer ; thdr 
axis-cylinder processes, on the contrary, are directed towards the 
peripheral nerve-fibres, among which they end. 

7. The lamina meduUaris involuta, constituting the outermost 
layer of the convolution, lying next the ^Lscia dentata, fi^om which it 
is separated by the intervening hippocampal fissure and its pial fold. 
This layer corresponds to the greatly thickened outer zone of the 
usual cortex, and is largely made up of tangential nerve-fibres 
which proceed from the gyrus hippocampi, together with numerous 
terminal fibrillse derived from the processes of ganglion-cells 
situated in neighboring strata. 

The fascia dentata must be regarded as the projecting thickened 
and specialized free edge of the cortical gray matter, lodged 
within the hippocampal fissure, which it almost fills. The divisions 
recognizable in this structure, fi^om within outward, are — 

1. The nucleus fascisc dentatsc, which comprises an oval aresL 
containing nerve-fibres continued from the alveus and numerous^ 
ganglion-cells. The latter include three varieties of irregularly- 
disposed elements, the pyramidal cells proper, the representatives 
of the similar conspicuous constituents of the comu Ammonis, the 
polymorphous cells, possessing very numerous processes, and the 
fusiform cells. 

2. The stratum granulosum, distinguished as a conspicuous 
band of brilliantly staining small pyriform nervous elements, 
whose protoplasmic processes extend towards the periphery, while 
the axis-cylinder fibrils in general pass centrally. 

3. The stratum moleculare, consisting of a broad reticulated 
zone of neuroglia, which contains numerous capillary blood-vessels, 
a few scattered cells, and the extensions of the processes of the nerve- 
cells ; it almost completely encloses the stratum granulosum, and is 
itself covered by 

4. The stratum marginale, an extremely thin sheet of medul- 
lated nerve-fibres representing the outer medullary layer of the 
comu Ammonis, of which it is the direct, although attenuated, con- 
tinuation. 

The fimbria receives the fibres constituting the alveus, and is com- 
posed entirely of bundles of medullated nerve-fibres, together 
with the intervening connective-tissue septa ; the thick fibre-bundles 
extend longitudinally, and are continued into the tracts of the posterior 
pillar of the fornix. 

The septum lucidum represents a rudimentary cortex due to 
the arrest of development following the isolation of this part of the 
wall of the cerebral vesicle by the growth of the corpus callosum. 
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Since the so-called fifth ventricle is really a cut-off portion of the 
2^eat longitudinal fissure, those surfaces directed towards the cleft 
xDrrespond to the free surface of the hemispheres ; the rudimentary 
layer of gray matter, therefore, forms the immediate lateral boun- 
daries of this space, and is homologous with the cortex of other 
regions, while the thin white stratum next the lateral ventricles 
represents the medulla. 

The mesially-placed gray cortex of the septum lucidum con- 
tains a thin superficial stratum of meduUated nerve-fibres next 
the interseptal cleft ; following this lies a layer of gray matter con- 
taining many small pyramidal cells (16-18 ai), the apical processes 
of which are directed towards the surface homologous with the pe- 
riphery of the hemispheres ; the deeper zone of the gray matter 
exhibits spindle-cells. The white substance of the hemisphere is 
represented by the thin stratum of medullated fibres interposed 
between the gray layer and the ependyma of the lateral ventricle. 

The blood-vessels supplying the cerebral cortex, after a short 
course within the pia almost parallel to the free surface, enter the 
nervous tissue vertically ; the larger arteries pierce the gray matter 
and enter the medulla, while those of smaller size break up 
within the gray cortex into capillary net-works. The law, appli- 
cable to all parts of the nervous system, that regions rich in large 
nerve-cells are plentifully supplied with blood-vessels ^ is illustrated 
by the distribution of the capillaries within the cortex, where a rich 
capillary net-work exists within the layer of large pyramidal cells, 
while the outer cortical zones, on the contrary, possess only a meagre 
capillary supply : the net-works within the deepest layers of the 
cortex are intermediate in the closeness of their meshes. The blood- 
vessels are surrounded by perivascular lymph-spaces, the pial 
tissue accompanying the vessels as a delicate sheath attached to the 
adventitia and enclosing a prolongation of the subarachnoidean 
space. 

The corpus striatum consists of the special masses of gray matter, 
the nucleus caudatus and the nucleus lenticularis, and their 
associated tracts of nerve-fibres. 

The ventricular surface of the nucleus caudatus is covered 
by a well-developed layer of ependyma, beneath which lies the 
zone of gray substance, containing nerve-cells of two kinds : large 
multipolar cells (25-30 /i), and much more numerous smaller 
ganglionic elements, whose size is about half that of the former. 
The outer surface of the caudate nucleus, directed towards the 
internal capsule, is broken up by numerous bundles of fibres, which 
penetrate deeply into the gray mass and produce the characteristic 
white striae exhibited on section. 
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The outer division, or the putamen, of the nucleus lenticu- 
laris closely resembles, both in color and in structure, the caudate 
nucleus, with which, indeed, it anteriorly becomes continuous. The 
paler color of the inner segments, the globus pallidus, depends 

Fig. 346. 
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not only upon the presence of greater numbers of medullated fibres, 
but also upon the lighter tint of the yellowish pigment contained 
within the multipolar nerve-cells. The nerve-cells contained within 
the claustrum are principally fusiform elements whose long 
axes correspond in direction with the neighboring free surface. 

The optic thalamus is composed chiefly of gray matter, through 
which extend various tracts of nerve-fibres. The surfaces directed 
towards the ventricles are sharply defined, the upper or dorsal 
aspect being covered by a layer of medullated nerve-fibres, the 
Stratum zonale, about .8 mm. in thickness, which fade away on the 
mesial surface ; the outer and ventral borders of the thalamus, on 
the contrary, are invaded by fibres from the respectively adjacent 
internal capsule and the subthalamic region. 

The gray matter of the thalamus is divided by tracts of fibres 
into a shorter median segment, the inner nucleus, and a longer 
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external division, the outer nucleus, the fore-segment of the thala- 
mus containing the anterior or upper nucleus. The gray sub- 
>tance composing these segments is traversed in many places by 
bundles of meduUated nerve-fibres ; in the outer nucleus the nar- 
"ow fibre-bundles and the zones of gray substance alternate, fusi- 
fonn ganglion- cells (20-30 At), arranged parallel to the course of 
:he fibres, occupying the gray bands. In addition to the compara- 
ively large cells found within the anterior nucleus, th^ bundle of 
^icq d' Azyr, reflected from the mammillary body below, enters the 
interior ventral border of the segment and contributes numerous 
ibres to its mass. The multipolar cells of the anterior nucleus, 
^s well as those of the posteriorly situated pulvinar, are of large 
size. 

The central gray matter of the third ventricle is the direct 
[continuation of that lining the Sylvian aqueduct and other parts 
of the neural tube. The middle or gray commissure of the 
ventricle contains transverse fibres, in addition to numerous 
pigmented ganglion-cells; posteriorly it is intimately blended 
\¥ith the gray substance of the thalamus, while anteriorly it is sepa- 
rated from the" latter by a medullary layer, the inferior stalk of the 
t:halamus. 

The corpus subthalamicum, situated within the region of simi- 
lar name, is composed of a very close net-work of fine medul- 
lated fibres, among which are distributed moderate-sized multi- 
polar nerve-cells ; the capillary net-work of this nucleus is 
remarkable for the closeness of its meshes. The continuation of the 
area of pigmented cells forming the substantia nigra within the 
cerebral cms separates the subthalamic region from the fibre-tracts of 
the crusta. 

The corpora quadrigemina, the homologues of the optic lobes 
and corpora bigemina of the lower animals, comprise a posterior 
and an anterior pair of eminences. 

The posterior quadrigeminal bodies consist in great part of 
gray substance which forms a lenticular nucleus on either side, and 
contains numerous small multipolar cells (16-18 /i), as well as a few 
elements of larger size ; the nuclei of the two sides are united by a 
gray commissure. A thin superficial lamina of meduUated nerve- 
fibres, the stratum zonale, covers in the gray matter. 

The anterior quadrigeminal bodies differ from the posterior 
in the complexity of their structure brought about by the presence 
of the root-tracts of the optic nerve. In transverse section these 
bodies present four layers, which, from the upper or dorsal surface 
towards the Sylvian canal, are — 

I. The stratum zonale, enveloping the superficial portions of 

21 
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the bodies ; in man ani] apes this layer is unusually well developed, 
reaching a thickness of 30-40 /* ; the interlacing fibres, derived 
from the optic tract, form a lamina rather than distinctly-grouped 
bundles. 

2. The stratum cinereum, a cap-like mass of gray matter, em- 
bracing the subjacent optic fibres, and containing numerous nerve- 
cells of varying size, the larger ones occupying the deeper pans of 
the layer. 

3. The stratum opticum, consisting of the continuation of ihe 
preceding gray matter, through which extend the bundles of optic 
nerve-fibres entering by the superior brachium ; posteriorly the fibres 
arc fine, while anteriorly they become robust to take part in the 
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1 of the optic tract. Among Ihe profusely distribut«l 
nerve-cells are elements of considerable size whose axis-cylinder 
processes extend largely within the underlying zone. 

4. The stratum lemnisci, including gray matter as well as nene- 
fibres, many of the latter being continuations of tracts connecting 
lower levels. 

The geniculate bodies, lateral and mesial, are closely associated 
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respectively with the anterior and the posterior corpora quadrigemina 
by means of the corresponding brachia. 

The lateral or external geniculate bodies exhibit a character- 
istic structure, consisting of alternate layers of white and gray matter ; 
the white strisc are composed largely of fibres derived from the 
optic tracts, the gray zones probably also receiving collateral con- 
nections from the retina. The nerve-cells of the gray matter, many 
of which are large and deeply pigmented, send axis-cylinder processes 
as far as, possibly, the occipital cortex. The mesial or inner 
geniculate bodies contain numerous nerve-cells of medium size, 
together with fibres seemingly connected with the mesial root of the 
optic tract ; an intimate relation between these bodies and the optic 
fibres, however, is questionable. 

The masses of gray matter forming the structures along the fore 
part and the floor of the third ventricle, including the lamina 
cinerea, tuber cinereum, infundibulum, and posterior per- 
forated space, contain scattered ganglion-cells, together with 
certain special bundles of nerve-fibres. The corpora mam- 
millaria are composed of bundles of fibres, and contain gray nuclei 
within the superficial layer of white matter. The hollow coni- 
cal infundibulum bears at its lower extremity the pituitary body, 
with part of which the funnel-shaped extension of the cerebral vesicle 
is at one time continuous. 



THE OLFACTORY LOBE. 

The structures described in human anatomy as the olfactory 
nerves represent the rudimentary olfactory lobes, which in many 
of the lower animals constitute conspicuous divisions of the brain. 
This lobe, as found in man, comprises three parts, — the tuber olfac- 
torium, the tractus olfactorius, and the bulbus olfactorius. 

The tuber olfactorium does not here call for attention, since its 
adequate consideration lies without the purpose of these pages. 

The tractus olfactorius, on transverse section, exhibits zones 
of white and gray matter, together with a central flattened area 
of neuroglia, indicating the position of the obliterated lumen, 
which in the embryonic condition temporarily, and in the lower 
animals permanently, existed as a continuation of the ventricular 
cavity. 

The gray substance is richest in the dorsal part of the tract, 
where it forms an oval area surrounded by meduUated nerve-fibres ; 
these latter become continuous at the lateral angles with the thick 
medullary fibre-layer occupying the ventral zone, the juncture 
between the two being marked by a thickening of the medullary 
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Stratum. Enclosed within the continuous ring of fibres lies the flat- 
tened gelatinous or neuroglia zone corresponding to the area of 
tlie obliterated former lumen of the tract. Outside the fibre-layer, 
a sheet of gray substance, extremely thin on the ventral surface, 
represents the cortex 
Fig. 348. ■ of the convolution. 

The Bulbus Olfac- 
torius. While the 
layers present in the 
tract are continued into 
the terminal olfactory 
bulb, the greater devel- 
opment of the ventral 
zone considerably mod- 
iliesthe structure of this 
division of the olfactory 
lobe. In the bulb the - 
area of the obUter- ■ 
atcd ventricular cav- 
ity lies eccentrically, 
closely approaching the^ 
dorsal sur&ce, fron^ 
which it is separated by 
a thin layer of fibres 
and the greatly attenu- 
seciionorponiDiiarhuDua Difaciorybuib; 1, }. biudiuof ated gray corticsl 
™.,=t«iy.^ui B««-fib™, =,.ci«LnB c«t™i oeuTogu. (>h stratum, here reduced 

4, J, 6, gmouk lnyrr: 7. lom of olfsctory glomcmli (fl; 8, . 

layer of olfactoTT iKTveHbn*. bundlci (f) af *Ucb pui froB tO a delicate lamUU. 

eiTuiory oueoui mimbrin*. (Aftn //njt.) ^he Ventral layers, 

on the contrary, are 
greatly developed, and culminate in the nerve-fibres which pass 
through the cribriform plate as the true olfactory nerves. 

In transverse section, the dorsal portion of the olfactory bulb is 
occupied by (i) the central neuroglia, the atrophic field representii^ 
the obliterated lumen of the lobe ; this area is enclosed by (2) the 
flattened ring of medullary substance, consisting of clcwely- 
placed bundles of longitudinal nerve-fibres. 

Next the ventral portion of the medullary ring lies (3) the stratum 
granuloBum, a thick zone of gray matter containing numerous 
ganglion-cells of different size. Some of these are small irregular 
elements, and immediately beneath the ring constitute a dense aggre- 
gation. The most conspicuous elements of the gray matter, how- 
ever, are the large pyramidal or mitral cells (30-50 u) which 
occupy the deeper parts of this stratum. 
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The protoplasmic processes of the mitral cells extend ven- 
trally and terminate in two v/ays^ as shown by the investiga- 
tions of Golgi, Ram6n y Cajal, Retzius, and others. In addition 
to the apical fibrils, lateral processes diverge and terminate in 
free arborizations 
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^vithin the ventral por- 
tion of the gray mat- 
ter. The apical 
processes take part 
in the formation of 
(4) the olfactory 
g^lomeruli, peculiar 
masses (.05-3 mm.) 
composed of dense 
interlacements of 
terminal ramifications 
of the apical pro- 
cesses sent out by 
the mitral cells and of 
the olfactory nerve- 
filaments. The 
axis-cylinder pro- 
cesses of the mitral 
cells pass dorsally and 
become continuous 
with nerve-fibres of 
the medullary ring ; 
during their course 
they give off recur- 
rent collateral 
branches. 

The layer of olfac- 
tory glomeruli is 
followed by (5) the 
stratum of olfac- 
tory nerve - fibres. 
These are non-med- 
ullated, and arise in 

the olfactory cells of the Schneiderian membrane, whence they 
pass into the cranium and end in arborizations included within 
the olfactory glomeruli, to whose formation they thus con- 
tribute. The exterior of the olfactory bulb is invested by a layer 
of pia broken by the passage of the nerve-fibres and the blood- 
vessels. 




Sagittal section of part of olfactory bulb of young rabbit, stained 
after Golgi's silver method : m, mitral ganglion-cells from which 
pass axis cylinder processes (a), sending off recurrent collateral 
branches (r) and protoplasmic processes (/) ; A, horizontal 
processes extending tangentially ; ^, glomeruli from whose com- 
plex of nerve-fibrils pass olfactory nerves {a) ; n, filaments as- 
cending from mucous membrane. (After Retzius.) 
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THE WHITE MATTER OF THE CEREBRUM. 

The parts of the cerebrum thus far considered have included areas 
composed chiefly of gray substance ; it remains to notice briefly the 
complex mass of nerve-fibres forming the conspicuous medulla. 
It has already been stated that the nerve-fibres constituting these 
central masses are mostly meduUated, but devoid of a neuri- 
lemma ; the fibres vary in diameter, those pursuing an extended 
course connected with the large motor cells possessing, in general, 
a greater diameter than those related with sensory areas. 

The accurate determination of the arrangement of the various 
nerve-tracts included within the medulla is a labor of great difficulty 
and one still far from satisfectory completion ; notwithstanding the 
great advances made in this field of investigation since the introduc- 
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tion of the improved methods (Weigert's) for tracing medullated 
fibres, much remains to be learned regarding the course and the 
distribution of many tracts connecting the central nuclei with the 
cerebral cortex. 

The great mass of the cerebral medulla is composed of fibre- 
tracts, which may be grouped into three systems : 

1. The association fibres, connecting parts of the same hemi- 
sphere. 

2. The commissural fibres, uniting parts of the two hemispheres. 
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and represented by the fibres of the corpus callosum and of the 
anterior commissure. 

3. The projection fibres, streaming from the entrance of the 
b>rain-stalks, or cerebral peduncles, secondarily also from the basal 
nuclei, to spread out in the various parts of the cerebral cortex and 
t;hus constitute the conspicuous corona radiata. 

The association fibres consist of bundles of various length, 
^which unite : (a) adjoining convolutions, passing from the medulla 
of one, beneath the intervening fissure, into the white matter of the 
neighboring gyrus ; (Ji) adjacent convolutions, but not immedi- 
ately adjoining ; (r) more distant parts of the hemisphere. 
The most important of these longer tracts are : 

1. The fasciculus uncinatus, connecting the inferior frontal 
convolution with the uncinate gyrus of the temporal lobe. 

2. The fasciculus longitudinalis inferior, connecting the an- 
terior part of the temporal with the apex of the occipital lobe. 

3. The fasciculus longitudinalis superior, connecting the 
middle of the frontal partly with the occipital and partly with the 
apex of the temporal lobe. 

4. The cingulum, extending along the corpus callosum within 
the gyrus fomicatus. 

5. The fasciculus perpendicularis, connecting the inferior 
parietal with the fusiform lobe. 

6. The fornix, connecting the uncinate process of the hippo- 
campal convolution with the thalamus by means of the continuations 
effected by the fimbria behind and the bundle of Vicq d' Azyr, from 
the mammillary body to the thalamus, in front. 

The majority of the commissural fibres, which connect similar 
regions on the two sides, take part in the formation of the great 
transverse bridge, the corpus callosum; these fibres, the pro- 
longations of the axis-cylinder processes of the cortical ganglion- 
celk or of the collateral processes derived from the projection fibres, 
pass to all parts of the cerebral surface, with the exception, probably, 
of the anterior portions of the temporal lobes and the olfactory 
tracts, which parts are connected by the fibres of the anterior 
commissure. On either side of the closely-packed bundles con- 
stituting the immediate bridge the fibres spread out in a fan-like 
course to reach their destination. 

The projection or peduncular fibres include many of the most 
important tracts by means of which communication between the 
presiding cortical centres and the more deeply lying nuclei and paths 
is established. The bundles of the crusta on reaching the sub- 
thalamic region become continuous with the internal capsule and 
spread out into the conspicuous corona radiata. The fibres which 
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gain the cortex, however, do not correspond exactly with those enter- 
ing the cerebrum as the peduncular bundles, since some of the latter 
are deflected and pass to the caudate and the lenticular nucleus from 
the internal capsule ; on the other hand, the peripherally -streaming 
bundles are aug^nented by fibres which come from the thalamus and 
the subthalamic region. The peduncubr tracts continued to the 
cortex consist principally of the pyramidal fibres, the fibres from 
the caudate and lenticular nuclei, and the fibres to the tempore- occipi- 
tal region from the optic thalamus and the pons. 

The tracts of the tegmentum largely contain fibres related to 
the connections of the thalami, the cerebellum, and the corpora 
quadrigemina ; regarding the exact course and communications of 
these bundles much still remains to be determined. 

Two small but remarkable organs, the pituitary and the pineal 
body, are closely associated in their genetic relations with the cere- 
brum, since the first of these bodies originates partly and the second 
entirely as a diverticulum from the cavity of the primary inter-brain. 

THE PITUITARY BODY. 

The pituitary body, or hypophysis cerebri, consists of two 
portions, the large anterior oral and the small posterior cerebral 
division. These are entirely distinct both in structure and in de- 
velopment, since t|ie anterior lobe is derived as a diverticulum 
from the primitive oral cavity, and, as such, is lined with the oral 
ectoderm, while the posterior lobe descends as an outgrowtt> 
from the floor of the primary inter- 
brain ts stalk remaining as the infiin- 
dibulum. 

In the embryo temporarily, and in 
many lower vertebrates permanently, the 
tissues composing the posterior iobe 
assume a distinctly nervous type ; in the 
h gher animals, however, this character is 
lost the lobe remaining small and rudi- 
mentary and its cavity undergoing obliter- 
ation the primary nervous character of 
c%oal°'o't"paJ'c''o'' o'^n^oa, ^^^ cerebral lobe disappears as the in- 
loU /> pen on D( .lienor D growth of the connective tissue and 
*!:"i''(l!"l°^™'i"'u',^'K"'r ^^^ blood-vessels takes place. The re- 
D, biood-vRKii. mains of the immature nervous elements 

are sometimes recognized in the branched 
and spindle pigmented cells found in this part of the pituitary 
body, as well as in the partially-preserved cavity lined with ciliated 
columnar cells. 
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The anterior lobe, larger and darker than the preceding, for 
some time remains connected by its tubular ectodermic stalk 
^vith the primitive oral cavity ; later the tube becomes atrophic and 
finally disappears, the end of the oral diverticulum then lying iso- 
lated and separated from the buccal cavity. The single primary 
tube undergoes repeated division, producing compartments which 
appear in the adult organ as slightly convoluted tubular acini. The 
tubules are held together by vascular connective tissue, and contain 
polyhedral epithelial cells, with spherical or oval nuclei, irregularly 
disposed and often almost tilling the alveoli ; the lumina of the tubules 
are sometimes occupied by colloid masses resembling those of the 
thyroid gland. 

THE PINEAL BODV. 

The pineal body, epiphysis, or conarium, since the compara- 
tively recent investigations of Spencer and of de Graaf, although 
known and described previously for centuries, is now regarded as a 
rudimentary sense-organ. These investigators independently 
demonstrated that the structure 

seen in man and the higher Fig> 351- 

animals is the rudiment of what 
was a ttinctlonating sense-oigan 
in the extinct reptiles, and even 
in certain living members of the 
same class strongly resembles 
an imperfect invertebrate eye in 
its early embryonal condition. 
In the light of our present 
knowledge, therefore, this pe- 
culiar body must be looked 
upon as representing an im- 
perfect organ of special sense, 
whether as an additional visual 
structure — the "pineal eye" 
— or as an organ for the percep- 
tion of warmth still remains to 
be determined. 

In man and other mammals 
the pineal body, instead of 
cupying its morphologically 
normal position on the superior 
surface of the brain, is covered 
over by the greatly developed 
cerebral hemispheres, so that its final position is well towards the 
base of the encephalon. The organ at no time in the higher ani- 
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mals assumes the characters of a sense-organ to the extent seen in 
the lower types. 

The adult human pineal body is composed of a number of tu- 
bular compartments or alveoli, which 
F'G. 353' are separated by septa of connective tissue 

and lined by polyhedral epithelial cells ; 
•i ' in many places the tubules are almost oc- 

■y eluded byepithelium, togetherwith^gre- 

,'',-, ■ :, gallons of gritty calcareous matter, the 

J>; •' so-called " brain-sand." The brain-sand, 

',■ i or acervulus cerebri, consists of irregu- 

larly round mammillated or mulberry-form 
concretions of variable size, composed of 
Seal™ of buiMiipiiK.1 body: animal matter combined with earthy salts 
fiiw wi*" c^Thtuum xid cl- (calcium carbonate and phosphate with 
uronu cDBCRikHu (i); /, ioBr- magnesium and ammonium phosphate). 
mbi.urBiHouio.iu.. These deposits are not limited to the in- 

terior of the pineal body, but are encountered on its exterior and on 
the peduncles, as well as in the choroid plexus and in other parts of 
the brain. membranes ; the concretions occur 
i^iG. 354. at all ages, even before birth, and within the 

~ perfectly normal organ. 

Other bodies, the corpora amylacea, 
occur as round discoidal masses, and exhibit 

a distinct concentric striation ; they are 

vtnirici« of hunuip brain. regarded as amylaceous in nature, since they 
respond to the tests for such substances, 
staining violet with iodine and sulphuric acid. These bodies are 
almost constant within both the gray and the white matter consti- 
tuting the walls of many parts of the bra in -cavities ; the olfectory tract 
is a particularly favorite situition, along this region the amylaceous 
corpuscles occurring with especial profusion. 

THE SUPRARENAL BODY. 

The close relations of this organ with the nervous system, as 
evidenced by its early history, the profusion of its nervous elements, 
and the results of pathological processes, entitle the suprarenal body 
to place, provisionally at least, within the present chapter. 

The parenchyma of the oi^an, composed of a peripheral zone, 
the cortex, and a central area, the medulla, is invested by a fibrous 
capsule of considerable thickness. From this envelope numerous 
connective -tissue septa penetrate deeply into the soft cellular 
substance, which is thus broken up into cylindrical masses. 

The cortex consists of aggregations of irregularly rounded or 
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polygonal cells (13-17 /'), whose granular protoplasm frequently 
contains fat-particles in addition to clear nuclei. The arrangement 
of the cortical elements varies at different levels, the resulting 
disposition giving rise to the three 
divisions of the cortex recognized as ^^°- 355- 

the zona glomerulosa, the zona fas- ;_-t-'t'^-=-;^ ^r^-^rr^--,,^ 
ciculata, and the zona reticularis. '_" 

The cells forming the first of these are 

grouped as oval masses, those of the ' ' ] 

middle layer are disposed as long 
cylindrical groups, and those of the 
third stratum are irregularly arranged '/ 
as anastomosing cords supported V 
within a reticulum of connective tissue, j 
The zona reticularis is distinguished j 
from the other cortical layers by the ' ■ 
pigmented condition of its cells. The ',^ 
various groups of cellular elements are ^ 

separated from one another by delicate -^ / 

fibrous septa, continuations from the 
outer connective- tissue envelope; the 
larger septa support the capillary net- 
works which surround the groups of ^ "^ ^.^ 
cells. — ^#^ 

The medulla contains granular, fre- ^ — "^P 

quently feebly- pigmented, polygonal " 

cells arranged as cords and irregular 

net -works within a framework of „ iibrou"i''i;a,!iX'' "^mhi gioiaJii 
highly vascular connective tissue. Nu- Jo»« : r. ioMfaKicui«i« ; rf. »« red- 
merous ganglion- cells occupy the ^hJ^d;'^"g„gil'o'^.^j. ' '™'™* 
central portions of the medulla, along 

with a rich net- work of non-meduUated nerve-fibres and the con- 
spicuous venous channels. 

The blood-vessels of the organ divide within the capsule into 
numerous smaller branches, which enter the parenchyma along the 
fibrous septa ; capillary net-works surround the cell-groups of 
both cortex and medulla. The veins of the medulla are of large 
size and unite to form trunks which make their exit at the central 
hilus ; the larger radicles are accompanied by longitudinal bundles 
of non-striped muscle. 

The nerves of the suprarenal body are remarkable for their num- 
ber and size ; they bear the arteries company within the septa to 
reach the medulla, where they form an intricate plexus composed 
chiefly of n on -me dull ate d fibres. Ganglion-cells occur along 
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the course of the nerve-trunks, and are found within the medulla in 
considerable numbers. 

The lymphatics are represented by delicate canals within the 
fibrous septa which communicate with the intercellular clefts of both 
cortex and medulla on the one hand, and with the larger lymph-ves- 
sels within the capsule on the other. 

THE DEVELOPMENT OF THE NERVOUS TISSUES. 

The consideration of the general changes involving the primary 
neural tube and its cephalic expansions, the bra in- vesicles, by which 
are produced the various portions of the cerebro-spinal axis, belongs 
to embryology, and lies without our present purpose ; an account 
of the histogenesis of the nervous tissues, however, is of much 
interest in indicating the true relations of the structural components 
of the great nervous, masses. 

The essential parts of the nervous system, including the nerve- 
cells, the nerve-fibrea, and the neuroglia, are developed fi-om the 
ectoderm alone, and all result from the differentiation and speciali- 
zation of the walls of the primary neural tube. 
This canal is formed by the gradual closure of the early fiirrow, 
the medullary groove, of the 
Fig. 356. invaginated ectoderm along 

the dorsal line ; by the approxi- 
mation of the upper or dorsal 
edges of the involution the 
furrow b converted into a 
tube, the sides, or medullary 
plates, of the extreme ante- 
rior and posterior segments of 
which are the last to unite. 
Even before the closure of the 
iiodcriB inviKinaied lod thickoicd groove has been completed a 

»1 (ii> : w, mnoderni: *, body, j.nr .■ i- 1- . 

uviiy ; [. mil open gut. liHd by enwdcnn (:(), ditterentiation of two impor- 

tant regions is indicated; these 
are the areas giving rise to the segmental ganglia and to the 
general axial nerves. 

The area for the latter is represented by the lining of the neural 
tube, that for the former by the inconspicuous cell-groups lying on 
either side of the line of closure. 

The primary wall of the neural tube consists of a single layer of 
columnar epithelial cells, whose nuclei occupy the middle third of 
the elements, leaving an outer and an inner free zone ; within the latter 
appears very eariy a second variety of cell, which is distinguished 
by its large spherical form and conspicuous nucleus. The 
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round cells invading the inner zone represent the ancestors of the 

nervous elements— both cells and fibres — and are the germ-cells, 

while the columnar cells 

produce the neuroglia ^ <^ 35 

and are the spongio 

blasts. 

The development of 
the nerve-cells proceeds 
from the germ cells 
which, as shown by the 

karyokinetic figures w th n '^ i Jt^ 

their nuclei, undergo ac ^ ■'^ \? 

tive proliferation the 
resulting progeny be ng scciitm -da rm h m ry wi g iwd ncuni 

the neuroblasts from be ■ «« c»oal uu n h b Kgm ni» tm 
,, ■ >» a" P "■ mooderm lu /■ gu b« » p 

Which the nerve cells ptimiuY* hotm / pinno-pt cadi c y 

are directly derived. The 

germ-cells are confined to the zone next the brain-cavity, 

which thus indicates the position of greatest formative energy. 

The neuroblasts at first occupy the innermost zone, next the 
cerebral cavity, but soon migrate towards the outer boundary of the 
wall, at the same time becoming pynform and elongated The 
young nerve-cells for a long time possess but a single process, 
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Fig 3S9 





which grows out to become a nerve-fibre, and therefore represents 
the axis-cylinder, or nerve-process ; the protoplasmic pro- 
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cesses, whose ramifications later present such striking pictures, are 
subsequently acquired, after the lapse of considerable time. 




Fig. 361. 



the dIfla«iktiAiin( 



The development of the neuroglia depends upon the special- 
ization of the columnar elements, the 
spongioblasts. The epithelial cells 
elongate, their protoplasm at the same 
time undergoing vacuolation and 
partial absorption, resulting in the 
production of an elongated framework 
of connected slender trabeculse. The 
extremities of the changed epithelial 
elements, or spongioblasts, greatly dif- 
fer ; the inner ends of the cells extend 
to the inner boundary, where they are 
united to form a continuous sheet, the 
membrana limitans interna, and the 
outer processes break up into irregular 
branches, which ultimately form a close 
reticulum. The early spongioblasts ex- 
tend the entire thickness of the neural 
wall, but with the subsequent increase in 
this structure their attachments become 
broken, the spongioblasts then lying free 
among the surrounding nervous elements. 
The general growth of the tissues is ac- 
companied by great extension and sub- 
division of the neuroglia fibres, which 
eventually become the nucleated masses of fine, bristle-like processes 
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constituting Deiters's or spider cells. The spongioblasts im- 
mediately around persistent parts of the neural canal retain their 
inner connection and form a continuous layer of lining elements, 
-which later constitute the ciliated columnar epithelium of the 
ependyma. 

The development of the nerve-fibres includes the origin of 
two sets of primary fibres — those derived from the nerve -cells 
of the medullary tube and those growing out from the cells of 
the ganglia. All nerve-fibres are formed as the direct exten- 
sions and continuations of the processes of the neuroblasts. 
In the case of those proceeding from the neural canal the fibres 
grow peripherally and the cells remain attached to their central 
ends, thus early establishing the relations afterwards existing between 
the motor cells and the fibres ; those originating from the ganglia, 
on the other hand, grow in two directions, towards the periphery 
and towards the nervous axis, representing the sensory paths. . 

The early nerve-fibres consist for some time of the axis-cylin- 
der alone, the neurilemma and the medullary substance being not 
only much later acquisitions but also contributions from the meso- 
derm. The neurilemma first envelops the ectodermic axis-cylin- 
der as a delicate sheath, and subsequently within this envelope the 
myeline of the white matter of Schwann is deposited. The ap- 
pearance of this coat is often very late, and takes place at different 
times for the various tracts of nerve-fibres, although the period at 
which the several groups acquire their medullary substance is con- 
stant and definite for each set. The young fibres soon collect 
into groups, which represent the early nerve- trunks, whose further 
grrowth proceeds in a straight path corresponding with the general 
direction of the component axis-cylinders ; a course once established 
is maintained until arrested by some obstacle or modified by changes 
in the position of the parts with which the nerve has formed attach- 
ments. The terminations of the growing nerves are abrupt, the 
finer ramifications appearing only after the trunk has undergone 
repeated branchings. 
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CHAPTER XVII. 

THE EYE AND ITS APPENDAGES. 
THE EYEBALL. 

The bulbus oculi consists of three coats: i, the external 
fibrous tunic, comprising the sclerotic and the cornea, u[X)n which 
devolves the maintenance of the form of the organ ; 2, the middle 
vascular tunic, made up of the choroid, the ciliary body, and the 
iris, to which the principal vascular supply of the eye is distributed ; 
3, the inner nervous tunic, the retina, which receives the termi- 
nal expansion of the optic nerve and contains the specialized neuro- 
epithelium concerned in the perception of the visual stimulus. The 
aqueous humor, the crystalline lens, and the vitreous body are en- 
closed by these coats, and represent the refractive media of the eye. 

Referred to their embryonic origin, the several parts of the eye 
may be grouped under two headings, — those developed from the 
ectoderm and those derived from the mesoderm. The mem- 
bers of the first group may be subdivided into (a) structures derived 
directly from the ectoderm, including the lens and its anterior epi- 
thelium, and the epithelium of the cornea and of the adjacent scIcthI 
surface, and {b) structures derived secondarily from the ectoderm 
through the optic vesicles protruded from the involuted ectoderm of 
the cerebral vesicles ; to this class belong the primary retinal tissues, 
including the pigment-layer, as well as the atrophic retinal layers 
continued over the posterior surface of the ciliary body and the iris. 
All other parts of the eyeball, comprising the remaining portions 
of the sclera, the cornea, the iris, the ciliary body, the choroid, and 
the vitreous body, as well as the connective-tissue ingrowths of the 
retina, are developed from the mesoderm. 

THE CORNEA. 

The cornea consists of five layers : 

1. The anterior epithelium, 

2. The anterior limiting membrane. 

3. The substance proper, 

4. The posterior limiting membrane, 

5 . The posterior endothelium . 

The anterior epithelium, the only part of the cornea derived 
from the ectoderm, all others being mesodermic, is stratified squa- 
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mous in character ; it is thinnest over the central part of the cornea, 
where its six to eight layers of cells together measure about 45 m, at 
the periphery reaching almost double that thickness. The deepest 
cells are columnar in form with their outer ends somewhat rounded 
off, while their bases are slightly expanded and conform to the surt 
fece of the basement- membrane upon which they rest. Succeeding 
the deepest layer the elements become 
broader and polyhedral, many pos- 
sessing the protoplasmic threads char- 
acteristic of prickle -cells. The su- ' 
perficial strata are composed of ^ - v ~ C -'-J _' ' _'^; 
flattened cells which lie parallel to $'~ ----- ~>^. 

the surlace and contain oval nuclei. g 

The anterior limiting mem- s -"; j 

brane, membrane of Bowman, or 5 Jj 

lamina elastica anterior, corre- s - _ - ' . -'J 

spends to a highly -developed base- | .- ~ . ' " r "~^' 
ment -membrane, being continuous §- - - '. ' - ~_~^ 
with the tissue of the substantia pro- J - '. ' _ - ^^y 

3ria, of which it is a special conden- "? ' - -> 

lation. The structure is especially 'i, • " - -^ 

conspicuous in the human cornea, ? _ .. '.. ^ "7j 

vhere it appears as a seemingly ho- 5, _. , _. -; j 

nogeneousglassylayer, about 20 ;i J ' - _" ^j 

n thickness in the middle of the cor- | ■ - - ^ 

lea, gradually diminishing towards the | - -' - 

jeriphery. The resolution of this g -- -\. 

amina into delicate connective- c - - ~ i 

:issue fibrilla after treatment with 
>uitable reagents demonstrates its 
:rue nature as a specialized portion of Sfciion uf tmmjo ,umri: », munor 
the substantia propria. '^'^^ b^^ .'Xunu^ prewirconJi^ 

The fibrous stroma, or the sub- 'on"*' mh"^!" Lf) iy">t "Uhin cot- 
Btantia propria, constitutes the chief ^I'J"'" ',^i,^iu.T iu.Tng"tnKri!!r 
bulk of the cornea, and is made up cbambtr. 
of parallel lamellee composed of in- 
terlacing bundles of fibrous connective tissue. The exact num- 
ber of corneal lamella is inconstant, since this depends upon the 
extent to which the artificial separation of the tissue is carried. The 
interlacing bundles of the white fibrous tissue composing the 
lamellse are united by the interfibrillar cement substance, and cross 
one another obliquely at various angles, the adjacent bundles being 
intimately united by bands, the fibrs arcuatee, which pass from 
one bundle to the other ; the arcuate fibres are especially prominent 
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in the anterior lamellee. The substantia propria resembles the 
matrix of cartilage in yielding chondrin on boiling, therein differ- 




ing from the sclera, which, Hke the usual connective tissues, produces 
gelatin. 

The cellular elements, the corneal corpuscles, are plate-like 
or stellate connective-tissue cells, whose branched processes unite 

Fm. 364. 




with those from adjacent cells to constitute a protoplasmic reticu- 
lum throughout the tissue. The corneal cells and their processes 
tie within a system of intercommunicating lymphatic spaces 
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liotlowed out within the cement-substance, which consists of the 
large lacunae or corneal spaces between the lamellae and the 
small canaliculi extending from the former as fine branching tubes. 
The corneal corpuscles are usually applied to one wall of the spaces, 
which they by no means 

completely fill, while their Fn- 365 

processes extend within the .'"- 

branching canalicuU. In . - w* <■.■, ^, 

addition to the corneal cor- 
puscles, wandering cells, 
together with the tissue- 
juices, occupy the spaces i 
and canaliculi. 

The posterior limiting ^ 
membrane, membrane 
of Descemet, or poste- 
rior elastic lamina, ap- 
pears as a clear homoge- 
neous band at the inner boundary of the cornea, sharply defined 
from the deepest layers of the substantia propria and clothed on its 
inner surface by endothelium. The membrane differs from the cor- 
responding antenor lamella in its less mtimate attachment with the 

Fig 366 
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fibrous Stratum and in possessing the greatest thickness (10-12 /») at 
the periphery. After prolonged maceration or treatment with suit- 
able reagents the resistant lamina is separable into a number of thin 
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homogeneous layers, which sometimes exhibit a delicate longi- 
tudinal striation. 

The posterior corneal endothelium, or endothelium of Des- 
cemet's membrane, consists of a single layer of regular poly- 
hedral plates, whose oval nuclei project slightly beyond the bodies 
of the cells. 

Blood-vessels are absent in the cornea, except within a narrow 
zone, about i mm. in width, at the limbus or margin ; in the foetus, 
however, the vessels extend well towards the centre and form the 
precorneal capillary net-work. 

The lymphatics of the cornea are represented by the system of 
intercommunicating spaces and canaliculi ; these clefts open 
into lymphatic radicles at the periphery, which, in turn, communi- 
cate with the larger anterior lymphatic vessels. Perineurial l3niiph- 
channels enclose the larger nerve-trunks, which they accompany 
for a variable distance into the corneal tissue; these lymphatic 
channels communicate directly with the corneal spaces at frequent 
intervals. 

The. nerves of the cornea are very numerous, and are distributed 
largely within the anterior layers. They enter at the corneal limbus 
as some sixty radially-disposed twigs-, each of which includes from 

Fig. 367. 




Subbasilar plexus <^ corneal nerves from rabbit ; gold preparation. 

three to twelve fibres; the latter almost at once, within .5 mm. of 
the limbus, become non-medullated. 

Within the substantia propria the nerve-fibres form a coarse 
ground-plexus at a level corresponding to about the middle third 
of the corneal tissue ; from this net-work twigs are sparingly given 
off to supply the deepest layers, while others pass towards the 
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anterior lamellfe, in which they ibrm net-works. Immediately 
beneath the anterior elastic membrane the smaller fibres form the 
dense subbasilar plexus, while under the epithelium the finest 
fibrilbe constitute the subepithelial plexus, from which delicate 
naked axis-cylinders ascend and enter the epithelium, to end between 
the cells as the intra -epithelial plexus. 

THE SCLERA. 

The sclera is composed of the same elements as is the substantia 
propria of the cornea, but they are less regularly disposed and lack 
the remarkable transparency of the latter. 

The ground-substance is made up of interlacing bundles of 
gelatin-yielding fibrous tissue mingled with elastic fibres ; the fibrous 
bundles are arranged as tvio principal sets, those extending longi- 
tudinally or meridionally and those running transversely or 
equator! ally. 

The interfascicular interspaces are occupied by the stellate 
connective-tissue plates, which correspond closely to the corneal 
corpuscles ; in addition, a few small wrandering cells are usually 
present. The sclerotic and cho- 
roid coats are united by a layer Fig. 368. 
of loose connective tissue, the 
lamina suprachoroidea, 
extensive interfascicular clefts of ■' 
which form part of the sub- 
scleral lympti-space. 

The suprachoroidal tissue 
consists of many imperfect la- 
mellce composed of a fibro- 
elastic groundwork suppon- ^ 
ing irregular groups of flattened 
endothelioid connective-tissue 
plates ; the broad trabecul^e join 
one another at various angles, 
and include the imperfectly sep- 
arated compartments of the gen- 
eral lymph-space. The larger i 
partitions convey the numerous 

vascular and neivous trunks in ,J^^""^^IJ'lai''f^^r^l^TsTK\'n:^, 
their course to and from the i»inin«fuK»iiiidi.min««ii)rKhorDide»; /■.p«i. 

The deeply- pigmented tissue 
cf the innermost layer of the sclera, next the subscleral space, 
constitutes the lamina fusca, and is covered with the endothe- 
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lial lining of the lymph-cavity. The outer surface of the sdeia 
throughout a large part of its extent takes part in bounding the 
episcleral space, where it is likewise covered with endothelium. 

The blood-vessels distributed to the tissue of the sclerotic coat 
are meagre, although the tunic is pierced by numerous trunks related 
with the supply of the underlying parts ; such small vessels as are 
present break up into capillaries passing among the bundles of fibrous 
tissue. 

The lymphatics are represented by the intercommunicating cell- 
spaces which connect with the larger lymph -cavities. 

The nerves terminating within the sclera constitute fine twigs 
given off from the latter trunks passing between the sclerotic and 
choroid coats ; they break up into fibrillse which end as naked axis- 
cylinders between the bundles as an interfascicular plexus. 

THE CHOROID. 

The choroid consists of a connective-tissue stroma supporting 
numerous blood-vessels. Dependent largely upon the size and 
arrangement of the blood-vessels, certain layers are distinguished, 
these being, from without inward : 

1. The layer of choroidal stroma containing large blood-vessels. 

2. The layer of dense capillary net-works — the choriocapillaris. 

3. The homogeneous glassy lamina, or vitreous membrane. 

The stroma-layer, with its large blood-vessels, constitutes the 
greater part of the choroid. Within a supporting tissue made up 

Fig. 369. 
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of closely united connective-tissue lamells, elastic fibres, ami 
branched pigmented cells, the freely branching arterial and venous 
trunks take their course, appearing as lighter-colored channels within 
the darker surrounding matrix. The blood-vessels and the stroma 
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are so intimately united that they constitute a layer of considerable 
consistence. The largest vessels occupy the most superBcial 
part of the stratum, those next in size the middle, while the smallest 
approach the capillary zone. The most conspicuous of the large 
superficial blood- channels are the four venee vorticosse, with their 
whorls of tributaries. These veins occupy positions around the 
equator at points about equidistant, towards which the smaller vessels 
converge from all directions, returning the blood not only from the 
choroid but also from the ciliary body and the iris. The veins of 
the choroid are often surrounded by perivascular lymph- sheaths. 
Many of the larger arteries, in addition to the welUmarked circu- 
larly-disposed muscle with which they are provided, are accompanied 
by external longitudinal bundles of involuntary muscle. 

The innermost part of the stroma-layer, next the choriocapil- 
laris, forms a narrow stratum (lO i' in width) which is devoid, or 
nearly so, of pigment, and constitutes the boundary zone. In 
the eyes of many animals (horse, cow, sheep) this layer possesses 
^Nravy bundles of connective tissue, to whose peculiar arrangement 
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is due the metallic reflex sometimes seen from such eyes ; this 
shining structure is known as the tapetum fibrosum, as distinguished 
from the iridescent tapetum cellulosum of the carnivora which is 
dependent upon the presence of several layers of plate-like cells 
containing innumerable small crystals. 
The capillary layer, or choriocapillaris, consists ol a narrow 
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zone, about lo /i in width, at the inner part of the choroid, composed 
of a structureless, apparently homogeneous, matrix, in which he 
embedded the close capillary net-works derived from the terminal 
branches of the short ciliary arteries. 

The vitreous lamina, or glassy membrane, forms the most 
internal layer of the choroid and supports the retinal pigment. The 
membrane presents a delicate homogeneous stratum (2 /i in thick- 
ness), ordinarily without appreciable structure, and is very intimately 
associated with the adjoining layer of the choroid ; to its inner sur- 
&ce patches of retinal pigment frequently adhere on removal of 
the retina. 

The nerves of the choroid, non-medullated fibres distributed to 
the blood-vessels, are derived from the plexus formed within the 
suprachoroidal tissue by branches given off from the long and short 
ciliary nerves in their transit through the subscleral space. 

THE CILIARY BODY. 
This structure includes that portion of the uveal tract situated be- 
tween the termination of the choriocapillaris, opposite the era 
serrata behind and the ciliary or outer margin of the iris in front. 
Within this important territory three areas may be distin^ished : 
I, the ciliary ring; 2, the cili- 
ary processes; 3, the ciliary 
muscle. 

The ciliary ring, or orbicu- 
lus c liaris, is a circular tract 
abou 4 mm. in breadth, situated 
mmed ately in front of the ora 
serrata and extending to the 
postenor ends of the ciliary pro- 
cesses This zone differs from 
the choroid in the absence of 
the choriocapillaris and in the 
presence of muscular tissue 
p olonged from the mass of the 
"",«"* ju- md ou c 1 ary muscle ; the character of 

p gm d n of fibt M of .. , , . , „ 

p oc«>M the b roma also changes, its bulk 

be ng here made up of fibrous 
connc t ve bundles nstead of elast c lamells. 

The ciliary processes on t of an annular series of some 
seventy prom nent rad al vascular fold which project from the 
nner surface of the c 1 ary body nd ar se from the confluence of 
several of the low dges on the c I ry r ng ; alter attaining a height 
of about I mm they ab uptly end at the base of the iris, sinking 
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to the level of the underlying ciliary muscle. The stroma of the 
processes is a continuation of the connective tissue of the orbicular 
zone, this layer being the true prolongation of the choroid, since the 
muscular tissue must be regarded as an intercalation between the 
sclerotic and choroid coats. The vitreous lamina is continued as a 
delicate homogenous membrane, 3 to 4 ;< in thickness, over the inner 
surface of the ciliary processes. Inside this layer the internal face of 
this entire region-, including the ciliary ring and the ciliary body, as 
well as the iris, is covered by the dec ply -pigmented rudimentary 
layers of the pars citiaris retinfc, consisting of an inner small 
row of tall columnar elements and an outer sheet of low pig- 
mented epithelium. Since these layers represent the rudimentary 
folded anterior laminae of the ectodermic optic vesicle, the ciliary 
processes and the iris consist of two genetically distinct parts, the 
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mesodennal connective-tissue stroma, containing blood-vessels 
and muscle-Jibres, and the inner dee ply- pigmented ectodermal 
stratum. 
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The ciliary muscle presents a conspicuous thickening for about 
I mm., which extends from the orbicular zone to the base of the iris 
and bears on its inner surface the connective-tissue stroma of the 
ciliary processes and the orbicular ring. In meridional sections its 
mass appears as a triangular area, the cross-section of a three-sided 
annular band of muscle entirely encircling the eyeball- The 
triangle thus formed closely approximates a right angle whose sides 
are unequal ; the shorter anterior side extends from the sclero- 
corneal juncture towards the ciliary processes, and the longer inner 
border is prolonged to meet the outer side or hypothenuse at an 
acute angle at the anterior border of the choroid. 

The mass of the ciliary muscle consists of interlacing bundles 
of involuntary muscle, the interspaces between which are filled 
by connective tissue. The muscular fasciculi are arranged as 
three sets, the meridional, the radial, and the circular. The 
meridional fibres lie generally parallel to the sclera, and form a 
compact layer attached in front at the sclero-corneal junction, 
near the anterior margin of Schlemm's canal, and behind at the 
fore margin of the choroid, where, in common with many of the 
radial fibres, it finds insertion ; in recognition of this attachment, the 
meridional and radial fibres were named the tensor choroideae. 
The radial bundles spread out fan-like from their anterior attach- 
ment, the most external fibres running nearly parallel to the meridio- 
nal bundles, with which they become continuous, while the anterior 
pass off at a considerable angle. The circular fibres, the ring-mus- 
cle of Miiller, constitute a distinct group of equatorially-disposed 
bundles, which occupy the internal angle of the ciliary muscle and 
extend at right angles to the preceding bundles. 

The blood-vessels of the ciliary body are especially concerned 
in supplying the ciliary muscle, to which minute arterial twigs 
pass from the imperfect vascular circle lying behind the arterial 
circle of the iris. 

The numerous nerves of the ciliary muscle are derivatives of the 
ciliary trunks, which on entering the muscle form a plexus within 
its substance ; from this plexus fibres pass internally to the iris, 
outwardly to the cornea, while others are distributed to the 
ciliary muscle itself. Small ganglion- cells also occur, singly or 
in small groups. 

THE IRIS. 

The iris constitutes the anterior segment of the uveal tract, and 
consists of a principal stroma-layer covered in front by a reflection 
of the corneal endothelium and behind by the continuation of the 
deeply-pigmented rudimentary retinal layers— the /arj iridica 
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retina. The various components of the iris and their morphological 
relations may be grouped as follows : 

1. Anterior endolhelium. 

2. Anlerior boundary layer, "j Continuation of the tissues of the 

3. Voicuiar stroma-layer, \ uveal tract proper, constitutit^ 

4. Posterior boundary layer, ) the stroma-zone. 
' a. Anterior layer of pig- ' 

menled spindle ■ cells 
representing outer 
layer 
\ Posterior layer oi pig- 
mented polygonal cells 
representing inner 
layer 

The anterior endothelium consists of a single layer of thin nu- 
cleated polygonal plates, the direct prolongation of the corneal 
endothelium. The protoplasm of the cells is finely granular, but 
always free from pigment 

The anterior boundary layer is formed by modification of the 
foremost stratum of the iris-stroma; the connective tissue consti- 

Fio. 373. 
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tuting this layer resembles the reticular tissue of lymphatic struct- 
ures, comprising several layers of net-iworks within the interspaces 
of which tie lymphoid cells in greater or less profusion. 

The vascular stroma constitutes the chief mass of the iris, and, 
in addition to its numerous blood-vessels, contains involuntary 



,^ NORMAL HISTOLOGY. 

muscle and nerves. The stroma consists of loose spongy re- 
ticular connective tissue greatly strengthened by the radially- 
disposed blood-vessela and nerves, around which the delicate 
stroma forms ensheathing masses of considerable density. The 
clefts situated between these adventitious sheaths and the included 
vessels and nerves form a system of Isrmphatic channels through- 
out the iris which communicate with the anterior chamber throi^h 
the lymph-spaces at the irido-corneal angle. 
The arteries of the iris spring from the anterior part of the cir- 
culus arteriosus iridis major, 
Fig. 374. situated at the ciliary border, and 

pass towards the centre of the iris 
as radially- disposed, freely-anasto- 
mosing twigs ; about i mm. from 
the inner edge of the iris these 
vessels unite to form a second 
delicate vascular ring, the circulus 
arteriosus iridis minor, which 
marks the division of the iris into 
its pupillary and ciliary zones, 
which are respectively i mm. and 
3-4 mm. in breadth. From this 
p. pupiiLiry circle the arterioles continue their 
minm. MTimnci whicb cpLiuy Kt-woik i. course towards the pupillary bor- 

formcd bv v«ufLt procflvding from Icuer u-- , ■ ■ - . -i* 

■euuirck, der, and end m the capillary net- 

work distributed to the sphincter 
muscle. Capillary reticula exist also within the anterior and pos- 
terior layers of the stroma. All the capillaries are tributary to the 
radiating veins which pass to the ciliary border, where they join those 
of the ciliary processes and finally empty into the radicles forming 
the ven*e vorticosie. 

Bundles of involuntary muscle occupy the pupillary border and 
the posterior zone of the stroma-layer ; these are arranged as two 
sets, — the annular bundles encircling the pupillary margin of the iris 
and constituting the sphincter of the pupil, a muscular zone about 
I mm. in width, and the ill-developed radially- disposed bundles 
extending from the pupil towards the ciliary margin and forming an 
incomplete and very inconspicuous layer, the dilator pupiUa. 

The posterior boundary layer, or vitreous lamella, appears 
as a glassy structureless membrane, about 2 i^ \n thickness, which 
stretches over the posterior surface of the stroma and supports 
the pigment-layer : in the nature of its substance this structure 
closely approaches clastic tissue. 

The pigment-layer, or pars iridica retinee, is usually so densely 
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packed with deeply-colored particles that its real constitution is 
masked. This stratum is composed of two layers, an anterior and 
a posterior. The anterior or outer layer is formed of radially- 
arranged spindle-cells which pass without interruption from the 
ciliary border of the iris to the pupillary margin ; at the ciliary 
border the cells change their form and arrangement, becoming 
polyhedral and circularly disposed and continuous with the low 
pigmented elements constituting the corresponding layer of the 
ciliary processes. 

The posterior layer presents a thicker zone (30-35 /*) of pig- 
mented cells, in which the colored particles are so densely packed 
that the cell-boundaries and the nuclei are completely masked, the 
entire layer appearing as one continuous mass of pigment. 

The pigment-layer covers the entire pupillary margin, and 
often ends as a somewhat thickened free edge slightly in advance of 
the plane of the iris ; at this border, which represents the free 
anterior lip of the embryonic secondary optic cup, both strata 
of the pigment-layer become continuous. 

The posterior surface of the pigment-layer is covered by a very 
delicate cuticular membrane, the membrana limitans iridis, 
which is continued from the similar structure extending over the cili- 
ary processes ; it appears first at the ora serrata as a new formation, 
since a true membrana limitans interna, in the sense of a distinct 
cuticle, does not exist over the retina proper. 

The marked variation in the color of the iris is largely dependent 
on the amount ancf position of its pigment. In blue eyes the 
stroma of the iris is entirely free from pigment, the latter being 
confined to the posterior pigment-layer, from which position it is 
seen through the superimposed iridal strata. With the darker color 
of the iris its stroma-cells also acquire pigment ; in light gray 
eyes this is small in amount, in brown eyes greater, while in the 
darkest eyes the colored particles are very numerous and sometimes 
appear as almost continuous pigmented areas ; in albino eyes, on the 
other hand, even the retinal portion of the iris is devoid of pigment. 
The nerves of the iris, derived from the intra-muscular ciliary 
plexus, enter the more superficial part of the stroma-layer as med- 
ullated fibres. Within the iris the nerve-fibres soon lose their med- 
ullary sheath and form one or two irregular net-works, the most 
constant of which is a circular plexus in the vicinity of the sphinc- 
ter muscle ; from this net-work pale fibres are distributed to the 
substance of the latter muscle. The principal plexus lies anterior 
to the plane of the chief vascular net- work, the posterior zone of the 
iris being poorly supplied with nerves. 
The irido-corneal angle, marking the junction of the cornea, the 
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sclera, the iris, and the ciliary muscle, constitutes one of the most 
important regions in the eye, not only with regard to its anatomical 
details, but also in view of its practical clinical significance. 

As already described, the substantia propria of the cornea passes 
directly into the ground-substance of the sclera ; in consequence of 
the rearrangement of the tissue-elements of the two structures 
taking place soonest in the superficial planes of the cornea, the line 
of transformation becomes oblique, thereby producing an apparent 
overlapping of the sclera in front, and a corresponding extension of 
the cornea behind. 

The posterior elastic membrane, on reaching the corneal mar- 
gin, splits up into a number of stiff homogeneous fibres, many of 
which become attached to the base of the iris and constitute the liga- 
mentum pectinatum iridis. By the union of the processes from 
the iris and Descemet's membrane with the elastic fibres derived 
from the anterior attachment of the ciliary muscle and a few bands 
from the sclera, a reticulum of thin trabeculce is formed, which 
occupies the angle between the cornea and the iris. This spongy 
tissue constitutes an annular mass enclosing a system of intercom- 
municating cavities, the spaces of Fontana. These clefts, lined 
Fig. 375. 
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by an imperfect layer of endothelium, are more conspicuous in the 
eyes of some of the lower animals (horse, ox, pig, sheep), where 
they are far better developed than in man. 
Within the sclera, close to its inner border and the corneal juncture, 
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lies a flattened annular channel, the canal of Schlemm ; the 

inner wall of this canal is formed by intersecting delicate lamellae 

whose loose disposition effects but incomplete isolation of the 

channel from the adjacent spaces of Fontana. Schlemm' s canal, 

which may be regarded as a venous channel, is connected with the 

anterior ciliar)' veins ; the communication thus established between 

the anterior chamber and the venous radicles is important as allowing 

the escape of the aqueous humor. 

THE RETINA. 

The inner nervous tunic of the eyeball includes the retina alone, 
"^hich extends from the optic entrance throughout the posterior seg- 
ment of the ball and as far forward as the pupillary margin of the 
iris- This extensive tract, corresponding in its morphological limits 
to the secondary optic vesicle, falls into three divisions : (i) the 
pars optica retinae, including the entire posterior segment and end- 
ing at the ora serrata; (2) the pars ciliaris retinae, covering the 
posterior surface of the ciliary zone and processes and extending from 
the ora serrata 4o the base of the iris ; and (3) the pars iridica re- 
tinae, passing over the posterior surface of the iris from the base to 
the anterior edge of the pupil, where it terminates as a slightly-thick- 
ened margin, which corresponds to the free lip of the double- layered 
optic cup. 

The retina proper, or pars optica retinae, consists of an inner 
and an outer lamina, which correspond to the inner and outer layers 
of the optic vesicle ; the outer lamina includes the pigment-layer 
alone, while the inner lamina embraces the remaining layers of the 
retina. The inner lamina permits further subdivision of its structures 
into the neuro-epitlielial and the cerebral layer. The relations 
of these divisions to the individual retinal layers may be expressed : 



layer of optic \ pigment-layer. A. Pigment layer, 

■le. ) ^ . . 



I. Outer 

vesicle. 

Layer of rods and cones ; 



//. Inner layer of optic 
vesicle. 



B. Neuro-epithelial 
layer. 



C. Cerebral layer. 



Limiting membrane ; 
Outer nuclear layer ; 
Outer reticular layer ; 
Inner nuclear layer ; 
Inner reticular layer ; 
Ganglion-cell-layer ; 
Nerve-fibre-layer. 

The retinal structures consist of two parts. — the nervous ele- 
ments and the supporting neuroglia. The supporting tissues 
contribute a considerable part of the entire retina, but differ in their 
amount in the several layers. The most conspicuous constituents 
of the supporting framework are long neuroglia-hbres, the radial 
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fibres of Miiller, which extend through the entire thickness of 
the retina. The expanded inner ends of the supporting fibres are 
so closely appHed that they produce a seemingly continuous mem- 
brane, the so-called membrBna limitans interna. The radial 
fibres rapidly diminish in diameter beyond their bases, and are con- 
tinued as nairow irregular stalks giving off lateral branches in pro- 
fusion to the reticular layers ; within the inner nuclear layer each 
fibre presents an irregular nucleated enlargement, and gives off 
lateral processes for the support of the nervous elements of the inner 
nuclear layer, as well as to each of the succeeding layers. At the 
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inner border of the rods and the cones the expanded ends of the neu- 
roglia-fibres form the external limiting membrane, delicate pro- 
cesses extending from the latter between the bases of the rods and the 
cones, which they surround and embrace as the " fib re -crates." 
In addition to the long radial fibres, richly- branched neuroglia- 
cells occur within the outer reticular layer to the fibre-complex of 
which they contribute. 

Within the meshes of the framework Just described the ner- 
vous elements of the retina are distributed in a manner charac- 
teristic for each layer ; a brief consideration of these is therefore 
necessary. 
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The nerve-fibrc-laycr conuins the continuations of the optic 
fibres which, after having lost their medullary substance in their 
passage through the lamina cribrosa, radiate as naked axis-cylin- 
ders to all parts of the retina as far as the ora scrrata. The hbre- 
layer is thickest at the ec^e of the optic disk and thinnest at the 
extreme retinal periphery. Sooner or later the fibres forsake their 
peripherally-directed course, and, bending sharply, pass almost per- 
pendicularly to the ganglion- 
layer and other strata. ^'~ 377 

The ganglion-cell-layer 
consists of a single row of 
large multipolar nerve 
cells (15 to 30 p), whoM 
axis-cylinder processes 
are directed towards the fibr*. 
layer ; their branched pro 
toplasmic processes, whc n 
well developed, pass into tht 
inner reticular zone, to meet 
the arborizations of the cone 
bipolars. The ganglion- 
cells in the central part of 
the retina are densely packi\l 
in the macula, constitutinjj 
overlying rows, but towarK 
the periphery they are less 
plentiful, and at the ora ser- 
rata infrequent. 

The inner reticular layer 
presents a characteristic retic- 
ulated tissue composed of 
neuroglia net-works and 
the rich arborizations of various nerve-cells ; the processes origi- 
nate from both the elements of the ganglion -layer and the cells of 
the adjacent nuclear stratum. 

The internal nuclear layer includes a number of distinct ele- 
ments, and presents two subdivisions : (a) an inner layer of nerve- 
cells, the spongioblasts, or amacrines, and (_6) an outer layer 
of the rod- and cone-bipolars forming the ganglion retinee. The 
" spongioblasts" are not concerned in the production of the sus- 
tentacular tissue, as their name — given under erroneous ideas regard- 
ing their function — would imply, but are nervous elements whose 
branched protoplasmic processes are resolved within the inner 
reticular layer into arborizations. The cone-bipolars send their 
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axis-cylinder processes into the inner reticular layer, to end at 
various levels in arborizations in relation with the terminal filaments 
of the ganglion-cells ; their protoplasmic processes extend as far 
as the outer reticular layer, where they terminate in ramifications 
beneath the cone-cells. The protoplasmic processes of the rod- 
bipolars end beneath the rod-cells, their axis-cylinder processes 
penetrating the inner reticular stratum, to end in close relation w^ith 
the ganglion-cells. 

The outer reticular layer appears as a narrow zone made up of 
an intricate net-work of fine fibres with sparingly distributed 
nuclei. The fibrillae are derived from the neuroglia and from the 
processes of nerve-cells, among which are the horizontal cells 
whose axis-cylinder processes extend horizontally within the layer, 
often for considerable distances, to end beneath the visual cells. 

The outer nuclear layer and the layer of rods and cones, the 
remaining strata of the inner lamina of the retina, together constitute 
the neuro-epithelium. Since the rods and the cones and the outer 
nuclear layer are parts of a single lamina of tall neuro-epithelial 
elements, the visual cells, of which they are respectively the outer 
and inner segments, these strata must be regarded as subdivisions of 
the one broad zone, and not as independent retinal layers. The 
outer and inner segments are sharply separated by the intervening 
membrana limitans, through the openings in which the rods and 
the cones protrude. The constituents of the neuro-epithelium 
are, therefore, the rod-visual cells and the cone-visual cells, 
supported by the sustentacular tissue. 

The rod- visual cells are composed of two parts, the one situ- 
ated without the limitans, including the non-nucleated and highly- 
specialized segments, the rods, and the other within the limitans, 
consisting of slender varicose elements, the rod-fibres, provided 
with fusiform enlargements, the rod-spherules, which contain the 
nuclei of the visual cells. The rods are slender cylindrical struct- 
ures, about 60 At in length and 2 m in breadth, composed of two 
chemically and optically distinct parts, the outer and inner seg- 
ments. 

The outer segments of the rods are cylindrical, apparently 
homogeneous, highly-refracting bodies, which, after certain reagents, 
exhibit a disposition to break up into thin transverse disks. The 
outer segments of the rods are further distinguished as being the 
exclusive seat of the peculiar visual purple or rhodopsin. The 
inner segments of the rods are slightly broader and less regularly 
cylindrical, and present a finely granular appearance, the parts of 
the segments nearest the membrana limitans possessing a peripheral 
longitudinal striation. 
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The inner segments of the rod-visual cells include the rod- 
fibres and their nucleated expansions, the rod-granules. The 
rod-fibres are slender, greatly extended, and often varicose, and 
reach from the membrana limitans into the external zone of the 
outer reticular layer. Each rod-fibre represents the greatly attenu- 
ated protoplasmic body of a visual cell, the situation of whose 
nucleus is indicated by the ellipsoidal enlargement. These enlarge- 
ments, the rod-granules, vary in position, sometimes lying near the 
outer end, at other times close to the middle or the inner extremity 
of the fibres. The granules are almost entirely occupied by the 
nuclei of the visual cells, which are covered by an extremely thin 
layer of the cell-protoplasm. The nuclei of the cells are oval in form, 
about 6 A in length, and characterized by a remarkable differentiation 
of their substance into lighter and darker transverse bands. 

The cone-visual cells consbt also of two parts, the outer di- 
visions, the cones, situated beyond the membrana limitans, and the 
inner portions including the cone-fibres and their nucleated cone- 
granules. The cones, like the rods, present inner and outer seg- 
ments, which in physical and chemical properties resemble the 
corresponding parts of the rods ; the cones, however, are little more 
than half (32-36 /i) the length of the rods. 

The inner segments of the cones are much wider than their 
outer divisions, and appear as truncated conical bodies whose 
sides are not absolutely straight, but slightly convex. The outer 
part of these segments is occupied by an ellipsoidal group of fine 
longitudinal fibrillse, the fibre-body, which corresponds with the 
similar structure sometimes present within the rods. 

The inner segments of the cone-visual cells, representing 
the bodies of the elongated cells, include the cone-fibres and their 
granules. The cone-fibres differ from the rod-fibres in being 
broader at the inner ends and more regular in their general contour ; 
the cone-granules always lie, except in the macular region, next the 
membrana limitans. 

The distribution of the two kinds of visual cells varies in the 
different retinal regions ; the arrangement prevailing throughout the 
greater part of the retina is such that the adjacent cones are separated 
by three or four rods, the latter far outnumbering the cones. On 
approaching the macula the number of cones increases, the 
cones being so closely placed that they are separated by only a single 
row of rods ; within the fovea itself the rods entirely disappear, 
the entire percipient layer being composed of cones alone. On 
the other hand, towards the periphery the number of these visual 
cells diminishes, and at the ora serrata the cones are widely 
separated, while the relative number of rods is very large. The 
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conclusion inferable from the distribution of these elements in the hu- 
man retina, that the cones are the essential perceptive instruments, is 
not applicable as a generalization, since in many of the lower animals 
the cones are in the minority or even entirely wanting (hedgehog, 
shark, sturgeon), and the rods predominate; it seems, however, 
probable that the highest acuity of vision requires the presence of 
cones. The entire number of cones in the human retina has been 
I computed at something over three and one-half millions (Salzer), while 
the rods are supposed to aggregate one hundred and thirty millions. 

The pigment-layer represents the outer lamina of the embry- 
onal optic vesicle, and consists of a single layer of polyhedral epi- 
thelial cells containing pigment-granules in varying amount. These 
cells (12-18 fi) are usually six-sided, but may have fewer or more 
borders ; the cells in the vicinity of the ora serrata are of exception- 
ally large size and dark color. The elements of tlie pigment-layer 
exhibit a differentiation into an outer zone next the choroid, free 
from pigment and containing an oval nucleus, and an inner zone 
loaded with pigment-granules. 

The inner part of the pigment-cells includes protoplasmic pro- 
cesses directed towards the layer of neuro-epithelium, betiveen 
the rods and the cones of which they extend for a variable distance ; 
the depth to which the pigment-granules penetrate along the pro- 
cesses between the cells depends upon the influence of light, since 
under strong illumination the granules wander along the protoplas- 
mic processes as far as the inner segment of the rods and the cones, 
while in eyes kept in the dark for some time before death the intercel- 
lular processes remain uninvaded. 

The structural details above described represent the construction 
of the retina throughout the greater part of its extent : two regions, 
however, present such marked variations from the typical arrange- 
ment as to call for brief special mention ; these are the macula lutea 
and the ora serrata. 

The macula lutea and the contained fovea centralis corre- 
spond to the posterior pole of the visual axis, and are distin- 
guished physiologically by the acuity of vision, which here attains 
its highest degree. The macula lutea is characterized, in addition 
to its yellow color, by a distinct thickening of certain of the retinal 
layers and by the absence of the rod-visual cells within its area. 
The distinctive color of the macula depends upon the presence 
of diffuse yellowish pigment within the layers internal to the 
visual cells, the latter elements remaining colorless ; in consequence 
of this arrangement the fovea, in which the neuro-epithelium alone 
exists, is devoid of pigment, and therefore appears as a light spot 
within the colored area. 
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The increased thickness of the retina at the macular margin 
depends almost entirely upon the extraordinary development of 
the layer of ganglion -cella, which progresses until a stratum from 
seven to nine cells deep replaces the usual single row. 

The fovea, on the other hand, is produced by the hollowing out 
of the centre of the macula consequent upon the gradual thinning, 
to almost suspci s'oi o'' the retinal layers lying internal to the 




outer nuclear zone ; the centre of the foveal depression, the fun- 
dus fovea, consists chiefly of the neuro-epithelium. Within a 
central area the fovea is devoid of blood-vessels. 

The ora serrata marks the termination of the optical part 
of the retina and the transition into its anterior continuations, the 
pars ciliaris and the pars iridica. The ora Is distinguished, in 
addition to its irregular serrated border, by the abrupt diminution 
in the thickness of the retina, brought about by the sudden termina- 
tion at this point of many of its layers. The regular diminution in 
the retinal thickness proceeds gradually from the fundus towards 
the periphery, when, on reaching a point near the ora serrata, many 
layers end abrupdy, the ciliary continuation measuring only about 
one-third of the thickness of the adjacent retina. 
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The nerve-fibre and the ganglion-cell layer having already ended 
before reaching the ora, the sudden reduction is caused principally 
by the abrupt termination of the two reticular strata. The 
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region of the ora serrata is also noteworthy on account of the re- 
markable development of the radial fibres of Miiller, which 
here occur not only in unusual numbers but also of exceptional 
strength. 

Beyond the ora serrata the retinal laminse are continued as the 
pars ciliaris and the para iridica retinae. These prolongations 
consist of an outer and an inner lamina. The outer layer is 
the direct and only slightly modified extension of the retinal 
pigment ; the inner lamina, the attenuated representative of the 
remaining retinal layers, consists of a single row of slender colum* 
nar cells, which originate at the ora by the transformation of the 
elements of the inner nuclear layer. A delicate cuticle, the 
limitans interna, extends over the posterior surface of both the 
ciliary body and the iris ; this membrane is a true cuticular for* 
mation, and begins at the ora as a new structure not present 
within the optical part of the retina. 

THE OPTIC NERVE. 

The optic nerve corresponds to a highly-developed single fu- 
niculus, enveloped by stout connective-tissue sheaths, which are 
prolongations of the brain-membranes. Externally the optic nerve 
is invested by a robust fibrous membrane, the dural sheath, de- 
rived directly from the dura ; this covering extends the entire length 
of the nerve, and on the entrance of the latter into the eyeball be- 
comes continuous with the outer part of the sclera. The surface 
of the optic nerve is closely invested with the pial sheath, an 
extension of the pia, while between the latter and the dural covering 
lies a delicate partition from the arachnoid, constituting the arach- 
noidean sheath. The clefts included between these sheaths oon- 
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stitute the subdural and the subarachnoidean lymph-spaces of 
the optic nerve, which communicate with the corresponding inter- 
cranial cavities. 

On reaching the eye Fio 180 

ball the tissue of the "^ — 

dural sheath 
uninterruptedly into the 
outer two thirds of the 
sclera the greater part 
of the pial sheath 
blends with the inner 
third of the sclera some 
of Its fibres however 
joining the choroid 
The arachnoidean 
sheath unites with the 
dural in consequence 
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The trunk of the 
optic nerve, about 3 mm. in diameter, consists of a great number 
(almost 800) of bundles of meduUated nerve-fibres separated by 
mtervening fibrous partitions, 
offshoots from the pial sheath. F"' 381 

Each bundle is composed /^^t. ' , 

of small meduUated fibres 
(3 ;i), which are writhout neu- 
rilemma. 

On reaching a level corre- 
sponding with the confluence 
of the sheaths of the nerve 
with the sclera, the optic fibres 
pass through the sieve - like 
lamina cribrosa and lose 
their medullaiy coat, contin- "~~ 

, . • I ■' 'I .' Seclion of humni onlic nerve under higher mainii. 
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fibres retain their medullary 

substance after their passage through the lamina cribrosa, such 
conditions presenting very striking ophthalmoscopic appearances. 
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The lamina cribrosa consists of five to eight lamelUe, composed 
of transveraely extending fibrous trabeculsc, the direct pro- 
longations of the scleral tissue. These bands bridge across what 
otherwise would be a canal, and unite in such manner that the 
openings occupied by the nerve-bundles present less area than the 
intervening fibrous tissue. The fibrous lamellec, additionally con- 
nected with one another by vertical bands, pass from the margins 
of the scleral ring to the connective tissue supporting the blood-ves- 
sels within the optic nerve. The lamina cribrosa marks the nar- 
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rowest diameter of the optic nerve, the loss of the medullary 
substance, together with the decrease in the neuroglia, reducing the 
size of the nerve about one-half. On arriving at the mai^n of the 
optic papilla, the bundles of nerve-libres bend over its edges, con- 
stituting a thick layer, which rapidly thins away during its radial 
distribution over the retinal area. 

The centre of the optic papilla not infrequently presents a funnel- 
shaped depression, at the bottom of which the retinal vessels 
enter ; this depression, variable in size and form, but always retain- 
ing sloping walls, is known as the physiological excavation, as 
distinguished from those possessing the vertical or overhanging 
walls indicative of grave pathological change. 

At some distance(i5-zomm.)from the eyeball the retinal blood- 
vessels pierce the exterior of the optic nerve to take up a central 
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position, surrounded by connective tissue, which they maintain 
until their final branching on the papilla. 

The blood-vessels of the retina constitute an independent sys- 
tem composed of end-arteries ; the only communication between 
the retinal and ciliary vessels is established within the sclera, close 
to the optic nerve, by means of minute scleral and choroidal 
branches. The larger retinal vessels are situated within the 
inner part of the fibre-layer and supply twigs to the cerebral 
division alone, the epithelial portion being non-vascular and 
deriving its nutrition from the adjacent choriocapillaris. 

The capillaries are arranged as two net-works, an inner and 
an outer. The inner net- work lies within the fibre-layer, is wide- 
meshed and derived directly from the division of the retinal vessels ; 
the outer net-work, situated within the inner nuclear layer, is 
dependent upon the former, since its capillaries are derived from the 
branches given off from the inner vascular reticulum. The retinal 
arteries and veins are surrounded by adventitious sheaths, the 
spaces included between these sheaths and the walls of the vessels 
constituting perivascular lymph-clefts. 

THE CRYSTALLINE LENS. 

The crystalline lens comprises two genetically distinct portions, 
the lens-substance and the lens-capsule. 

The lens-substance consists of the epithelium of the lens and 
the lens-fibres — both epithelial structures directly derived from the 
invaginated ectoderm. 

The epithelium of the lens, the representative of the anterior 
wall of the primary lens-vesicle, consists of a single layer of low 
polyhedral cells, about 20 11 in diameter, whose granular proto- 
plasm contains an oval nucleus, also often vacuoles. These cells lie 
immediately beneath the anterior capsule and extend backward 
as far as the equator, at which point the epithelial cells are trans- 
formed into the lens-fibres. A thin subcapsular stratum of 
albuminous substance exists as a connecting medium between the 
epithelium and the capsule, the same substance being continued be- 
tween the posterior lens-capsule and the lens-fibres behind. Be- 
neath the epithelium a subepithelial stratum of somewhat simi- 
lar albuminous substance unites the epithelium and the lens-fibres 
and occupies the cleft representing the remains of the original 
cavity of the lens-vesicle ; sometimes a few drops of fluid — the 
liquor Morgagni — occupy this subepithelial stratum. 

The lens-fibres are greatly elongated modified epithelial cells, 
whose ancestors constituted the posterior wall of the lens-sac, but 
whose more recently formed fellows result from the transforma- 
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tion of the peripherally situated anterior epithelium at the equator. 

They are elongated compressed six-sided prisms varying in size 
with their position ; those at the 
periphery of the lens are the 
largest (12 mm. in length by 
10-12 /I in breadth), their size 
decreasing towards the centre. 
In the young lens all the fibres 
contain oval nuclei, but in the 
adult organ only those recently 
formed lying in the vicinity of 
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the equator possess these. The fibres constituting the softer 
cortical zone have smooth straight contours, while those of 
the central part display a finely-serrated outline and are with- 
out nuclei. The lens-fibres are united by albuminous cement- 
substance, which, after suitable maceration, is dissolved, so that the 
hbres may be readily isolated ; since the amount of the cement-sub- 
stance is less between the broader than between the narrow surfaces 
of the fibres, after suitable maceration the lens evinces a disposition 
to separate into concentric lamellsc, somewhat after the fashion of 
an onion. The apposition of the ends of the fibres takes place along 
definite lines which appear on the anterior and posterior surfaces of 
the lens as stellate figures, the lens-Stars. In the simpler con- 
ditions of the new-born child, as well as in most mammalia, each star 
consists of three rays, one of which in the anterior star is directed 
upward, while the others are disposed at an angle of 120° down and 
outward ; in the posterior star the rays form an angle of 60° with 
those of the anterior surface, so that the figures of both surfaces 
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together constitute a six-rayed star. In the adult lens, however, 
the typical arrangement of the rays is greatly complicated by the 
addition of secondary lines which obscure the figures. 

The capsule of the lens is a strong transparent elastic mem- 
brane completely enclosing the lens and, at the periphery, intimately 
uniting with the suspensory fibres of the zone of Zinn. The an- 
terior capsule covering the front lens-surface is thicker (11-15 /i) 
than the corresponding posterior capsule (5-7 fi), the maximum 
thickness being at the centre of the anterior lens-surface and the 
minimum at its posterior pole. 

The zone of Zinn, zonula ciHans, or suspensory ligament 
of the lens, is the radially plicated, modiAed anterior continuation 
of the hyaloid membrane of the vitreous body. At the ora ser- 
rata the hyaloid becomes intimately united to the posterior surface 
of the ciliary body as far as the ciliary processes, from whose sum- 



Fio. .18s. 




mits thickened bands bridge across the intervening space and become 
attached principally to the anterior surface and to the periphery of 
the lens. Owing to the plication of the ciliary body over which the 
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hyaloid is reflected, its surface is marked by radiating folds, which 
at the edge of the ciliary processes become converted into the stiff 
fibres distinguishing the free part of the zonula. These fibres form 
two series, the one comprising the fibres springing fi-om the sum- 
mit of the ciliary processes, the other consisting of those fibres 
which take their origin in the depressions between the ciliary pro- 
cesses ; the fibres extending from the valleys pass to the anterior 
surface of the lens, where they blend with the outer lamella of the 
anterior capsule, while those springing from the summits of the 
processes are inserted into the periphery and the immediately ad- 
joining parts of the posterior capsule. 

The narrow annular cleft, triangular in section, bounded in front 
by the zone of Zinn, mesially by the lens, and behind by the mem- 
brane of the vitreous body, constitutes the canal of Petit. Owin^ 
to the constrictions produced by the shorter bridging fibres, the canal 
presents a series of alternate constrictions and dilatations, 
which, on inflation, map out the position of the canal by a ring of 
bead-like enlargements. 

THE VITREOUS BODY. 

The vitreous body occupies the space between the lens in front 
and the retina behind ; it consists of the vitreous substance en- 
closed by the glassy hyaloid membrane, which in front, where it 
supports the lens within the patellar fossa on its anterior surface, 
comes in direct contact with the posterior capsule. 

The substance of the vitreous body is remarkable, in addition 
to its beautiful transparency, for its great fluidity, consisting of 98.6 
per cent, of water, the remaining small portion being made up of 
solids, including its organized parts. Histologically, the adult vitreous 
substance corresponds to connective tissue containing an enormous 
watery infiltration whose fixed elements have undergone degener- 
ation. In its embryonal condition the vitreous body is composed 
of delicate gelatinous or mucoid mesodermic tissue containing 
numerous frail stellate cells. 

The formed elements of the vitreous are of two kinds, fibres 
and cells. The fibrous elements occur in the superficial part of 
the vitreous, in the vicinity of the ora serrata, as fibrillae of extreme 
delicacy, which take part in the formation of the zone of Zinn. 
Other fibrous structures are present as the remains of the minute 
blood-vessels permeating the vitreous in its embryonal condition. 

The cells of the vitreous body belong to the category of wan- 
dering corpuscles or leucocytes, the fixed connective-tissue cells 
being wanting in the matured organ. 

In the central part of the vitreous body, the central or hyaloid 
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canal extends from the optic papilla to the vicinity of the posterior 
lens-capsule ; during fcetal life it transmits the hyaloid artery, and 
afterwards contains the remains of the supporting connective tissue, 
and, rarely, the atrophic artery itself. The canal is defined by a thin 
membranous wall, the continuation of the hyaloid membrane. 
The existence of other additional small lymphatic spaces has 
been demonstrated within the periphery of the vitreous body. 

The minute arrangement and ultimate distribution of the blood- 
vessels in the various parts of the eye have already been described 
in connection with the individual structures ; it here remains to out- 
line briefly the general relations of the larger trunks. 

The blood-vessels of the eyeball belong to two distinct systems, 
the retinal and the ciliary, which are connected by meagre anasto- 
moses only around the optic nerve entrance, otherwise they 
remain entirely separate. 

The retinal system is formed by the ramifications of the reti- 
nal artery and vein, which constitute the permanent circulation 
within the nervous layer. During foetal life an additional transient 
supply, represented by the hyaloid artery, is distributed to embryo- 
nal structures which disappear before birth. 

The ciliary system consists of the ramifications of the short, the 
long, and the anterior ciliary arteries and their complementary veins, 
and furnishes the blood-supply to the bulbar conjunctiva, the sclera, 
the choroid, the ciliary body, and the iris, and indirectly aids in 
maintaining the nutrition of the cornea, the lens, and the epithelial 
division of the retina. 

The short ciliary arteries supply principally the choroid, and 
form the choriocapillaris, at the same time giving off twigs, before 
piercing the sclerotic coat, to the posterior segment of the sclera and 
to the dural sheath of the optic nerve. The long ciliary arteries 
pierce the sclera and pass in the horizontal meridian between the 
scleral and choroid coats fis far forward as the ciliary body, in which 
they form the larger arterial circle of the iris ; additional recurrent 
twigs are given off to the choroid and the ciliary muscle. The larger 
arterial circle sends branches to the ciliary processes and to the iris, 
as well as a few twigs to the choroid. 

The anterior ciliary arteries pass to the anterior segment of the 
ball, and pierce the sclera near the corneal margin to gain access to 
the ciliary muscle behind the canal of Schlemm. Before entering 
the eyeball they send branches to the anterior segment of the sclera, 
to the scleral conjunctiva, and to the corneal limbus. From the 
branches which pierce the eyeball twigs communicate with the larger 
arterial circle of the iris, and supply the ciliary muscle and the fore 
part of the choroid. 
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The venous vessels of the eyeball culminate in two principal 
sets, the posterior and anterior ciliary veins. The former, or the 
venae vorticosse, collect the blood from the iris, the ciliary processes, 
part of the ciliary muscle, and the choroid, and on emerging from 
the sclera receive also the episcleral veins ; they, therefore, drain the 
entire territory supplied by the ciliary arteries, except a part of the 
region nourished by the anterior ciliary arteries. 

The lymphatics of the eyeball constitute the anterior and pos- 
terior lymph-tracts, which do not comprise definite lymphatic 
vessels, but a series of intercommunicating lymph-spaces varying in 
size from the microscopic tissue-spaces to the anterior chamber. 

The anterior lymph-tract includes : 

1. The systems of the lymph-spaces within the cornea and the 
sclera. 

2. The anterior chamber of the eye, containing the aqueous 
humor, which possesses in small number the usual histological ele- 
ments of lymphatic fluid, the leucocytes. The anterior chamber com- 
municates with the posterior chamber through the cleft between the 
iris and the lens, and indirectly, by means of the spaces of Fontana, 
with the canal of Schlemm. 

3. The canal of Petit, connected by means of the inter&scicular 
clefts with the posterior chamber, and thus indirectly with the ante- 
rior, these three spaces standing in close relation. 

The posterior lymph-tract includes two groups, the lymphatics 
of the retina and of the vitreous body and those of the pericho- 
roidal space. 

The constituents of the first group are : 

1. The hyaloid canal of the vitreous, which empties into the 
lymph-clefts of the optic nerve. 

2. The perivascular lymph-channels surrounding the retinal 
vessels, which likewise pour their contents into the lymph-spaces of 
the nerve. 

3. The lymph-clefts of the optic nerve, terminating within the 
subarachnoidean space of its sheaths. 

The perichoroidal space, lying between the scleral and the 
choroid coat, drains the choroid and communicates with the sac 
enclosed by Tenon's capsule ; the perivascular lymphatics sur- 
rounding the venae vorticosse lead from the perichoroidal cleft into 
Tenon's space, from which channels connect with the supra- vaginal 
space, embracing the optic nerve ; finally, communications exist 
between this space and the great intercranial lymphatic cavities. 
Connections between the lymph-clefts of the optic nerve and the 
perichoroidal space probably also exist in the vicinity of the optic 
entrance. 
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The nervous supply of the several parts of the eye has already 
been considered in detail ; it remains to add a short description of 
their general relations. 

The long and short ciliary nerves pierce the sclerotic coat in 
the vicinity of the optic nerve and pass between the sclera and the 
choroid, giving off branches for the supply of the latter, and unite 
to form the ciliary ganglionic plexus on the outer part of the 
ciliary body. From this plexus twigs pass to the tissues of the ciliary 
muscle, the iris, and the cornea, to be distributed in the manner 
already described. 

THE APPENDAGES OF THE EVE. 
THE EYELIDS. 

The eyelids are protecting folds which include between their 
tegumental and mucous surfaces connective tissue, muscular and 
glandular structures. The constituents of the eyelids are arranged 
as general layers from without inward, these being : (i) the integu- 
ment and subcutaneous tissue, (2) the muscular layer, (3) the 
median connective tissue, (4) the tarsal plate, and (5) the con- 
junctiva. 

The skin covering the external surface of the eyelid is thin, thrown 
into folds, and beset with fine hairs and small sweat-glands ; the 
corium possesses slightly-developed papillae, except at the edge of 
the lid, where the fibrous tissue is denser and displays more conspic- 
uous elevations. The constant occurrence of pigment-cells within 
the corium is a noteworthy peculiarity. 

The loose subcutaneous tissue is rich in elastic fibres, but fat is 
wanting, or, if present, is found only in meagre amount. At the 
outer border of the margin of the lid large stiff hairs, the cilia, ex- 
tend obliquely outward ; they are arranged as two or three rows, 
their hair-follicles extending deeply into the corium and being sup- 
plied with small sebaceous glands. The life of the cilia is short, 
being about four months in duration ; as a result, hairs in all stages 
of growth are usually included among the eyelashes. 

The muscular bundles of the orbicularis palpebrarum constitute 
the layer next the subcutaneous tissue. At the lower margin of the 
lid the muscle-bundles are divided by the outer structures occupying 
this region ; an especially robust bundle separated by the lashes lies 
near the posterior margin of the lid-edge and constitutes the ciliary 
or marginal muscle of the lid. 

The succeeding connective -tissue layer is composed largely of 
the fibrous extensions of the tendon of the levator palpebrae, 
which are partly inserted into the areolar tissue — fascia palpe- 
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bralis — and partly attached to the upper edge of the taisns ; the 
tarsal portion contains bundles of non-striped muscle, which coU 
lectively form the lid-muscle of HQller. 
The tarsus consists of a semilunar plate of dense Bbrous tissue 
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lying immediately in front of the conjunctiva, and extending as a 
firm but elastic lamina from the sharply -defined palpebral border 
deeply into the substance of the lid. The tarsus is composed of 
closely-felted bundles of dense fibrous tissue, whose tough 
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resistant mass gives form and support to the softer tissues of the lids 
and partly covers the Meibomian glands embedded within its sub- 
stance. 

The Meibomian or tarsal glands constitute a series of about 
thirty elongated tubulo-acinous structures embedded within the 
substance of the tarsal plate, nearer the anterior than the poste- 
rior surface. Each gland consists of a long vertical duct, whose 
general course is perpendicular to the margin of the lid ; into this 
canal numerous short lateral tubular acini open. Since the ex- 
tremities of the glands occupy the outer arched border of the tarsus, 
these structures are longest in the middle of the lid and progressively 
shorten towards either end. The ducts open on the straight pal- 
pebral border as a roiv of minute orifices situated parallel to, 
but at some little distance from, the sharply-defined inner palpebral 
border. In their histology the Meibomian glands so closely re- 
semble the sebaceous follicles of the skin that they must be re- 
garded as modifications of these structures ; their secretion consists 
of a fatty substance similar to the sebum lubricating the integu- 
ment. The ducts of these glands, about . i mm. in diameter, are lined 
by an epithelium possessing the character of the surrounding epi- 
dermb, while the acini (.08-. 15 mm.) contain several layers of poly- 
hedral cells, most of which are in various stages of fatty degen- 
eration. In the upper part of the tarsus, especially in the nasal 
half, additional branched tubular glands lie partially surrounded 
by the fibrous tissue ; these structures correspond in composition to 
the tear-glands, and are known as the accessory lachrymal glands. 
The conjunctiva constitutes the innermost layer and surface of 
the lid, being continuous at the base of the lid with the bulbar con- 
junctiva and at its palpebral border with the integument. The con- 
junctiva consists of the epitheliuni covering the free surface and 
the connective-tissue matrix, or tunica propria. The epithe- 
lium is less squamous in type and resembles stratified columnar ; 
at the margin of the lid the columnar epithelium passes over into 
the squamous cells of the epidermis. The surface of the conjunctiva 
covering the tarsal plates is smooth, but beyond its epithelium forms 
irregular pockets, which in section somewhat resemble glands. 

Numerous lymphoid cells within the reticulated tunica propria, 
in certain localities, strongly suggest the presence of diffuse aden- 
oid tissue ; the amount of such lymphoid tissue is subject to 
much individual variation ; it is, however, usually best marked in the 
retrotarsal portions of the conjunctiva. Circumscribed lymph- 
follicles are occasionally observed, although these structures are less 
constant in man than in many of the lower animals — dog, cat, sheep, 

or ox. 

24 
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Additional minute lymphoid nodules and mucous glands occur 
within the conjunctival fornix. The ocular conjunctiva pre- 
sents changes in the vicinity of the transitional folds, where the 
epithelium loses its columnar character and assumes the stratified 
squamous type in its further extension. 

The edge of the lid presents two borders, the outer, rounded off 
and tegumental in character, and the inner, distinguished by its 
sharply-defined margin and dense fibrous structure. In addition to 
the orifices of the Meibomian glands, the palpebral border is pene- 
trated by the ducts of the glands of Moll, structures properly 
regarded as modified siveat-glands. 

The vertical fold of conjunctiva occupying the inner canthus, the 
plica semilunaris, represents the third eyelid, or membrana 
nictitans, of the lower animals. In exceptional cases the base of 
the fold contains a minute plate of hyaline cartilage ; a small race- 
mose gland, the homologue of the Harderian gland, is also some- 
times present at the base of the semilunar fold. 

The lachrymal caruncle within the inner canthus is an isolated 
and modified island of skin, possessing an epithelium, a coriimi, 
and subcutaneous tissue similar to the adjacent integument ; the 
epithelium, however, is without the stratum corneum. The caruncle 
contains adipose tissue, fine hairs with relatively large hair-follicles, 
and modified siveat-glands closely resembling the glands of Moll. 
A small amount of involuntary muscle usually exists in the car- 
uncle, and sometimes a few additional fibres of striped muscle. 

The blood-vessels of the eyelids pass from the outer and inner 
angles towards the centre of the lid, forming an arch, the arcus 
tarseus, along the edge of the lid, and a second anastomosis, the 
arcus tarseus externus, at the upper margin of the tarsal plate ; 
from these arterial bows smaller twigs are given off, which, in addition 
to supplying the integument, the Meibomian glands, and the glands 
of Moll, form the conjunctival capillary net-work ; additional branches 
pass to the fornix conjunctivae and to the conjunctiva of the eyeball. 

The lymphatics of the lid are arranged as tivo sets : the close- 
meshed conjunctival net-ivork within the tarsal mucous membrane, 
and the wide-meshed peritarsal net-work on the front of the tarsus 
at its upper border. The first set include the lymphatics running 
near the palpebral border, as well as the narrow channels surrounding 
the Meibomian glands. The conjunctival lymph-vessels communi- 
cate with the peritarsal net- work by means of the coarse reticulum 
within the tarsus surrounding its glands, as well as by direct connec- 
tions established by the twigs which pierce the tarsus to join the 
net-work within the conjunctiva. The peritarsal lymphatics possess 
valves. 
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The nerves of the eyelids form the rich marginal plexus dose 
to the palpebral border ; the trunks taking part in the formation of 
this plexus before their union give off branches to the orbicular 
muscle and the skin, as well as additional twigs for the supply of the 
conjunctiva. From the plexus itself fibres are distributed to the 
hair- follicles of the cilia, the Meibombn glands, the tarsal conjunc- 
tiva, and the tissues of the edge of the lid. The ultimate nervous 
distribution includes the formation of subepithelial net-works of fine 
non-medullated fibres, together with the special endings, the spherical 
end-bulbs, occurring within the bulbar conjunctiva. 

THE LACHRYMAL APPARATUS. 

The lachrymal apparatus includes the lachrymal gland and the 
system of canals carrying off the fluid secreted under usual con- 
ditions. 

The lachrymal gland represents the serous racemose type, 
closely resembling the true salivary glands in structure ; the organ 
differs from the usual racemose gland in the independent course 
and the number of its ducts, of which about a dozen are usually 
present. It appears, therefore, more accurate to regard the lachry- 
mal gland as a group of closely -placed small individual racemose 
glands rather thaii as a single organ. 

The ducts of the lachrymal gland are lined by simple columnar 
epithelium. The structure of the acini 
and the relations of their groups corre- '°' ^ ^' _ 

spond to those of the serous salivary 
glands, the secreting cells possessing 
similar spherical forms and granular pro- 
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The blood-vessels of the lachrymal 
gland form the usual capillary net -works ;, '.- ^ 

supplying the acini and their secreting v-.. 

cells. Stcuonofhu,..nl.Jh =,.1 l.nd. 

The nerves distributed to the glandu- .^ ^'11°° Mmirfd'by'baKmtri^mtm- 
lar tissue pass between the acini and form '>"■■=> i") ""f '•""' ^y wtniing cdi. 
net-works beneath the basement-mem- ' ' '' 
brane ; their ultimate relations to the secreting cells are uncertain. 

The lachrymal canals or canaliculi consist of three coats — the 
epithelium, the tunica propria, and the muscular tissue. The 
epithelium is stratified squamous, and forms a layer about .12 
mm. in thickness, in which the deepest cells are columnar and the 
superficial greatly flattened. The tunica propria is composed of 
bundles of fibrous tissue among which lie especially rich circularly- 
disposed elastic net-works. Outside the tunica propria the lachry- 
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mal canals are surrounded by a layer of striped muscle derived 
from that part of the orbicularis known as Horner's muscle ; this 
tissue is arranged as small bundles, which possess a general longitu- 
dinal course parallel with the axis of the greater part of the lachry- 
mal canals. The vertical papillary division of the tube, however, 
lies at right angles to the muscle-bundles, which, consequently, seem 
to enclose this part of the canal within circular or sphincter fibres; 
some of these occupy the edge of the lid and surround the puncta 
with muscular loops. 

The mucous membrane of the lachrymal sac and of the naso- 
lachrymal duct is connected with the periosteum of the neighbor- 
ing bony surfaces by loose areolar tissue, within which is lodged a 
rich venous plexus. 

The mucous membrane of the lachrymal sac and of the duct 
partakes largely of the nature of lymphoid tissue, consisting of a 
connective- tissue reticulum infiltrated with lymphoid cells. From 
the tear-sac to the nasal termination of the duct the lining epithe- 
lium is stratified columnar in character, with the occasional pres- 
ence of cilia within the lower part of the tube. 

The eyeball is separated from the surrounding structures within 
the orbit by the intervention of a fibro-elastic membrane or fascia, 
the capsule of Tenon, covered by a continuous layer of endothe- 
lial plates ; the enclosed episcleral space, or space of Tenon, 
communicates with the perichoroidal space on the one hand and 
with the supra- vaginal cleft on the other. In effect, the capsule of 
Tenon corresponds to a synovial sac, whose lubricated sur&ces of 
contact fecilitate the movements of the eyeball. 

DEVELOPMENT OF THE EVE. 

The earliest indication of the visual organ is the optic vesicle, a 
large diverticulum extending on either side from the primary anterior 
brain-vesicle, and later becoming connected by a constricted stalk 
with the interbrain, or thalamencephalon. 

In the early stage the optic vesicle lies in contact with the ectoderm 
reflected over the prominently protruding optic diverticulum, the sur- 
rounding mesoderm at first showing no differentiation. Shortly after 
the optic vesicle has reached the surface ectoderm the latter exhibits 
proliferation and thickening opposite the external pole of the vesicle. 
This ectodermic area, the earliest trace of the future crystalline 
lens, soon becomes depressed, the invagination progressing until 
the pit- and the cup-stage give place to the closed vesicle, which 
finally separates from the ectoderm and lies beneath the surface as 
the lens-sac. 

Simultaneously with the progress of these changes in the ectoderm. 
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the anterior segment of the primary optic vesicle undei^oes an 
important invagination, whereby the front wall of the sac is pushed 
into the cavity of the vesicle 

until eventually the anterior ^"^- 3^- ^"^- 3^- 

and posterior walls are in 
apposition and the included 
cavity is largely obliterated. 
The new space within the 
indented anterior walls of the 
sac constitutes the second- 
ary optic vesicle and corre- 
sponds to the later vitreous 
diamber. These important 
changes probably are not en- 
tirely attributable to the me- 
chanical influence exerted by 
the developing lens-sac on the Jflj^Bd comiDgta 
closely-applied optic vesicle, 
, but must be referred also to 
deeply -lying formative forces. 

The invagination of the optic vesicle is not confined to the 
anterior pole, but takes place likewise along the under side of the 
sac as well as along the Optic Stalk ; in consequence the vesicle is 
imperfectly closed below, the 

cleft, or choroidal fissure, Fig. 390. 

thus established affording an 
entrance for the surrounding 
mes4x!ermic tissue which takes 
part in the production of the 
primary vascular structures oc- 
cupying the vitreous chamber. 
The relations of the parts to 
the fissure are well shown in 
frontal sections, where the cleft ■ . '■ "■'' 

appears as a conspicuous break 
in the continuity of the walls of . < 

the vesicle. Sagitnl KClion through d»«lopiDg eye of tlcrtn- 

The Retina. The layers of «d-.-h.ifdY "bbi, <rnbryo,„wbi,ing ch.™jd.i 

_ J Htnirc iC) through whicli meiodsnnic tmue [mj 

the optic vesicle very soon ex- „ach» inuriorDri«iiiid>iTopiicciip: », ■. ouur 
hibit marked difference in their "■■■ iiwr i.y*n of opik Taicie : i.taa-ac. 
rate of growth, since the an- 
terior depressed lamina rapidly overshadows the posterior layer by its 
much greater thickness and more active proliferation. The posterior 
Willi becomes reduced in thickness, owing to the increase ii ' 




n the size 
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of the sac, and later is distinguished by the appearance of deeply- 
pigmented granules, which mark the beginning of the pigment- 
layer of the retina, to the formation of which the posterior lamina 
of the optic vesicle is entirely devoted ; the pigment is first seen in 
the vicinity of the lip of the cup, from which point the colored par- 
ticles spread towards the posterior pole. 

The invaginated anterior lamina becomes greatly thickened and 
differentiates into the remaining highly-specialized layers of the 
retina. The process by which these arj formed corresponds in the 
main points with the differentiation of the nervous centres, the re- 
sulting tissues being of two kinds, the supporting neuroglia and 
the nervous elements. 

The retinal lamina early presents a narrow inner zone, dis- 
tinguished by its meagre nuclei as contrasted with the richly-nu- 
cleated broad outer division; this latter, next the pigmented 
lamina, with many strata of nuclei, differentiates into an outer layer 
characterized by small, deeply-staining nuclei, and an inner layer 
of larger elements. The outer layer subsequently divides into 
three strata, the outer nuclear, the outer reticular, and the inner 
nuclear, while the inner layer produces two zones, the inner 
reticular and the ganglion-cell. 

The rods and cones appear later as minute hemispherical eleva- 
tions on the outer surface of the external limiting membrane, and at 
first possess their inner segments alone, the outer members later 
.growing out from the inner. At birth in many animals (as cats, 
rabbits, etc. ) the rods and cones are wanting, and even in man they 
are rudimentary ; the macula at birth is still undifferentiated. 

The nerve-fibres of the retina are derived probably from two 
sources, from the neuroblasts of the retina itself and from those of 
the interbrain. The hollow optic stalk becomes solid and con- 
verted into the primary optic nerve, which acquires its nerve-fibres 
from the ingrowing and outgrowing processes of the retinal and the 
cerebral elements. 

The retinal blood-vessels develop within mesodermic tissue, 
which spreads over the inner surface of the nervous layer at a com- 
paratively late period ; the vessels first appear around the optic 
nerve and spread peripherally. They are not connected primarily 
with the central vessels of the retina, but with branches entering at 
the periphery of the nerve (O. Schultze). 

The crystalline lens proceeds from the ectodermal vesicle 
already noted. The walls of this sac very early exhibit marked va- 
riation in thickness, the anterior lamina being relatively thin and 
composed of a single layer of cuboidal cells, which persist as the 
flattened polyhedral epithelium of the anterior lens-capsule. 
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The posterior wall of the lens-sac plays the active rSU in the 
formation of the lens- substance, since the production of the lens- 
fibres is entirely due to the transformation of its greatly-elongated 
cells. After the obliteration of the 
original cavity of the sac has been 
completely effected by the apposition 
of the enormously- thickened posterior 
wall and the anterior lamella, the lens 
further increases in size by the addition 
of new fibres at the equator, where the 
metamorphosis of the epithelial elements 
into the lens-fibres is continually taking 
place. 

The anterior and posterior cap 
sules of the lens are genetically dis 
tinct from the lens-substance, since they 

are mcBoblastic in origin : for a tune "' " h d 1 p g t 

they are closely associated with the tran a f ™ b™ « td > ih p oi 

sient lamella of vascular mesodermic i« ( 1 « ly ft d by pi»« of 
tissue which invest the surfaces of the ^',JS""t.u"w^ "*iTn!^'"«i^ 
lens and constitute the tunicee vas- pitKiycioMdmndiepaimiedfrommo- 
culossB. The development of the ^™l';.t^'"f^^'^''J^^ ^ 
fibrous tunic— the sclera and the cor- d«n.|«.). 
nea — proceeds from the surrounding 

mesoderm, which undergoes condensation immediately around the 
ectodermic structures representing the retina and the lens. The 
mesodermic tissue at the sides of the anterior segment grows be- 
tween the epidermis and the lens, and constitutes a layer of consid- 
erable thickness ; subsequently this sheet becomes unequally divided 
by the appearance of a cleft, the primary anterior chamber, into 
two laminae of unequal thickness ; of these the anterior and thicker 
becomes the cornea and the posterior and thinner the connective 
tissue of the iris and the transient vascular tunic of the lens. 

The mesodermic corneal Stratum undergoes specialization into 
the substantia propria, the anterior and posterior limiting mem- 
branes, and the endothelium, the anterior epithelium alone being 
ectodermic. 

The choroid and the iris are closely associated in their origin 
with the mesodermic tract producing the fibrous tunic, the rich 
vascular net-works characterizing the choroid appearing relatively 
late. The iris does not grow forward until the anterior chamber 
begins to form, when it proceeds as a blunt continuation of the 
choroidal tract ; while the stroma of the iris is contributed by 
the mesoderm, the pigment-layer is derived from the extension 
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of the rudimentary portions of the optic cup, whose double-layered 
lip corresponds in position with the pupillary margin. 

The vitreous humor is derived from the mesodermic tissue occu- 
pying the interior of the optic cup. 
Fic 392 This tissue appears very early in 

consequence of the ingrovrth of 
the mesoderm through the cho- 
roidal fissure the early vitreous 
possesses delicate branched cells 
as well as numerous, blood vessels 
and corresponds to soft emt^y 
onal connective tissue later the 
corpuscles and blood vesseb dis- 
appear and the mass assumes its 
characteristic semi fluid almost 
structureless condition The pe 
npheral zone of the vitreous un 
dergoes condensation and forms 
the hyaloid membrane, which 
in the ciliary region becomes thick- 
ened and constitutes the suspen- 
sory ligament of the tens, or the 
zone of Zinn. 

The eyelids develop as folds of 
integument above and below the 
corneal area ; these grow towards , 
one another and finally fuse, all 
epidermal demarcation for a time 
™™,«f^T^™^1,T;^°':;^'i disappearing. Shortly before 
kui m. •umnnding mc»dcm., .hich II ( birth the centre of the epithehal 
(nwi b«w«n leu and niiaa. layer Undergoes degeneration and 

the lids become permanently separated. 

The epithelium of both the tegumentary and conjunctival sur- 
faces is derived from the ectoderm, as are also such epidermal 
appendages as the hairs and the glands, the Meibomian glands 
corresponding to sebaceous follicles in their fonnation. 
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CHAPTER XVIII. 

THE ORGAN OF HEARING. 

The complicated organ of hearing of man and the higher animals, 
reduced to its essential factors, consists of two parts, — the system of 
intercommunicating epithelial tubes, certain parts of whose walls are 
differentiated into special structures for the perception of the sound- 
waves, and the elaborate conducting apparatus for the transmis- 
sion, direct and indirect, of the sound-impulses to the perceptive 
structures. 

THE EXTERNAL EAR. 

The external ear, including the pinna and the external audi- 
tory canal, possesses a bony or cartilaginous basis over which 
extend the integument and a layer of subcutaneous tissue. 
The cartilage is of the yellow, elastic variety, forming a thin, tough, 
yielding plate, displaying the various depressions and elevations seen 
on the outside ; the lobule, however, contains no cartilage, but only 
tough fibrous tissue and fat. 

The skin covering the pinna corresponds with the surrounding 
integument ; within the auditory canal, however, it presents some 
change. The skin covering the cartilaginous division of the 
meatus, together with part of the roof of the bony division, is char- 
acterized by its thickness, the subcutaneous tissue also constituting 
a layer of considerable depth, which includes some fat and many 
bundles of dense fibrous tissue. Fine hairs, with relatively very 
large sebaceous glands, occur in all parts of this surface, as do also 
the ceruminous glands, which constitute conspicuous structures 
and closely correspond to the glands of Moll within the eyelid, being, 
like them, modified sweat-glands. Their long, narrow ducts during 
early life open with the sebaceous glands into the hair-follicles, but 
later acquire independent orifices. The ceruminous glands pos- 
sess a well-marked basement-membrane, within which lies a single 
layer of cuboidal epithelial cells, with a thin, longitudinal stratum 
of non-striped muscle-cells interposed. The secreting cells 
contain numerous brown particles, but the presence of fat is question- 
able, the fatty constituents of the cerumen being probably contributed 
by the adjoining sebaceous glands. The coiled masses of the gland- 
tubes are situated within the subcutaneous tissue, where they some- 
times reach as far as the cartilage or the bone. 
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The skin covering the greater part of the bony canal, on the 
contrary, is very thin and intimately united to the periosteum. 
Hairs and glands are want- 
FiG 393 ing in this part of the canal, as 

they are also in the integument 
reflected over the external sur- 
face of the tympanic membrane. 
The membrana tympani 
consists of three layers : (i) the 
central ground-stratum, or lam- 
ina propria, composed of 
fibrous connective tissue, (2) 
the cutaneous layer reflected 
over the external surfece of the 
drum, and (3) the mucous 
layer covering the inner side 
of the membrane as the repre- 
sentative of the lining of the 
tympanic cavity. 

The tegumental layer con- 
sists of the usual epidermis 
and connective-tissue corium, 
the latter being only about half 
as thick as the epithelial layer. 

The central connective- tissue 
ground-plate, or lamina pro- 
pria, constitutes the fibrous basis 
of the tympanic membrane and 
represents its mesodermic portion. This layer consists of closely- 
felted bundles of fibrous tissue arranged as two strata, the outer or 
radial fibre-layer, composed of fibrous bundles, which in their 
general course radiate from the periphery of the tympanum towards 
the point of attachment of the head of the malleus, and the inner or 
circular fibre-layer, consisting of concentrically- disposed bundles, 
whose greatest development is at the periphery in the vicinity of the 
annular attachment of the membrana tympani. 

The mucous layer is a part of the general lining of the middle 
ear, and consists of a thin connective-tissue tunica propria or 
groundwork, composed of delicate bundles of hbro-elastic tissue, 
upon which rests the epithelium ; the latter consists of a sin^ 
layer of low cuboidal polyhedral cells without cilia. 

The blood-vessels supplying the tympanic membrane are derived 
from two sources, the one set proceeding from the branches of the 
external auditory canal to end in capillaries which ramify within the 
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cutaneous layer, the other group coining irom the vessels of the 
tympanic cavity to break up into the net-works distributed to the 
mucous layer. 

The lymphatics of the tympanum correspond in their arrange- 
ment with the principal strata of the membrane. In the corium of 
the skin>)ayer lies a close net-work of capillary lymphatics ; these 
increase in size towards the periphery, where they are collected into 
lai^er trunks, which in turn empty into the lymphatic channels of the 

Fio. 394. 




external auditory canal. Within the mucous stratum a much less 
important lymphatic net-work exists, which communicates at the 
periphery with the lymphatics of the mucosa of the tympanic cavity. 
Suitable silver staining shows the existence of lymph-Spaces in 
certain places, in both the fibrous layer and the mucous membrane. 

The nerves of the membrana tympani follow the blood-vessels in 
their distribution so far that thej- al.so comprise two sets destined 
for the cutaneous and mucous layers. The nerves of the cutaneous 
stratum, chiefly derived from the tympanic branch of the auriculo- 
temporal, pass behind the manubrium of the malleus to divide at the 



^SO NORMAL HISTOLOGY. 

lower third of the process into two terminal twigs. In addition to 
these central nerves, small stems enter the drum-membrane at 
various points at the periphery, both sets of twigs taking part in 
the formation of a wide-meshed ground-plexus. From the latter 
fine pale fibres pass to the blood-vessels which they surround, while 
other fibres extend to the superficial part of the layer, where, be- 
neath the epidermis, they constitute a subepithelial plexus. The 
nerves of the mucous layer originating in the tympanic plexus are 
largely distributed to the lymphatics as well as to blood-vessels; 
an additional subepithelial plexus bears close relations to the epi- 
thelium ; a few fibres extend into the fibrous tissue of the lamina 
propria. 

THE MIDDLE EAR. 

The middle ear, the entodermic division of the auditory appa- 
ratus, comprises the tympanic cavity, with its extension into the 
mastoid cells, and the Eustachian tube, together with the series 
of minute ear-ossicles. 

The walls of the tympanic cavity consist of the surrounding 
bony structures with their periosteum, over which is reflected the 
mucous lining, indirectly continuous with that of the pharynx. The 
mucous membrane, closely united with the underlying periosteum, 
not only covers the inner surface of the membrana tympani, but is 
also reflected over the ear-bones and their ligaments as well as over 
the nerves and blood-vessels crossing the cavity. The mucosa con- 
sists of a thin fibrous tunica propria (50-60 fi) which in places 
resembles the reticulum of adenoid tissue and includes leucocytes ; 
the mucous layer is intimately blended with the denser fibrous struct- 
ure of the periosteum. Connected with the trabecular of the mu- 
cosa peculiar oval bodies are occasionally encountered, which are 
composed of an axial band and concentric lamellae of connective 
tissue ; these bodies are normal but probably not constant constit- 
uents of the middle ear. 

The epithelial lining (18-21 /*) of the tympanic cavity differs in 
character in the several regions ; over the ear-ossicles, the tympanic 
membrane, and the promontory, as well as within the mastoid cells, 
the epithelium consists of a single layer of low cuboidal po- 
lygonal cells without cilia ; over the remaining parts of the mid- 
dle ear a layer of ciliated columnar cells exists. In those places 
where nerve-trunks or blood-vessels are covered, the greatly-thick- 
ened mucosa forms local ridges, within which the trunks are en- 
closed. Small tubular glands, about . i mm. in length, occur in the 
mucous membrane of the anterior part of the tympanic cavity ; they 
are sparingly distributed and subject to individual variation. 

The mucous lining of the antrum and the mastoid cells, clothed 
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by a single layer of loiv polyhedral cells, is very thin and inti- 
mately united with the delicate periosteal layer ; numerous fibres, 
trabeculae, or lamellae pass between neighboring surfaces and partially 
occlude the spaces within the bone, thereby reducing the lumina and 
still further adding to the complexity of the mastoid cells. 

The secondary tympanic membrane, closing the fenestra ro- 
tunda, consists of three layers, a central fibrous lamina propria, 
which is covered on the tympanic surface by a reflection of the mu- 
cous membrane, and on the other side by the extension of the 
lining of the vestibular perilymphatic space. The lamina propria, 
the unossified part of the wall of the labyrinth, is composed of ra- 
dially-disposed bundles of fibrous tissue passing from the indented 
point of its base towards the periphery. The mucous stratum is 
formed of a thin fibrous tunica propria invested by a single layer 
of flattened non-ciliated polyhedral epithelial cells, similar to 
those covering the neighboring promontorium. The innermost 
stratum of the membrane is composed of a thin layer of sub- 
endothelial fibrous tissue, over which extends the single layer 
of endothelial plates. 

The larger blood-vessels supplying the mucous lining of the 
tympanum lie within the deeper periosteal layer of the mucosa and 
give off smaller branches, which pass superficially to form a capillary 
net- work beneath the epithelium. The vessels distributed to the 
mucosa covering the promontorium are remarkable for the absence 
of anastomoses, the arteries dividing into twigs possessing rela- 
tively large lumina ; the terminal arterioles pass very rapidly into 
venous radicles, so that intervening capillaries scarcely exist, in places 
being entirely wanting. 

The lymphatics of the tympanic mucous membrane form a sys- 
tem of channels within the deep periosteal layer, where the lymph- 
vessels are supplemented by spherical enlargements and lateral dila- 
tations. The reticular connective tissue of the mucosa exhibits local 
accumulations of lymphoid cells, which strongly suggest the 
presence of lymphatic nodules. 

The principal nerves of the tympanum, derived from the tym- 
panic plexus, run within the periosteal layer of the mucosa, and are 
composed almost entirely of medullated fibres. From the deeper 
trunks fine twigs pass towards the surface and form a wide-meshed 
plexus, which contributes delicate bundles of pale non-medullated 
fibres to a subepithelial net-work. Along the course of the 
larger trunks and their immediate branches groups of ganglion-cells 
occur in exceptional cases, these being found in proximity with the 
epithelium. 

The ear-ossicles consist of compact bone, in which Haversian 
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canals and concenliic lamella are present in the tbidcer pans, as the 
head and the base of the short process trf the malleus. All smfkces 
of contact, including the articular &cets, are invested by hyaline 
cartilage. The cavity <^ the ambo-ma Ileal articulation is sub- 
divided by a minute iatra-articular plate of iilvous cartilage. An 
investment of cartilage covers the malleus oa all parts of the sur- 
face of its attachment to the tympanic membrane, the pcrichondnum 
becoming (irmly united with the tibrous tissue (^ the lamina propria. 
The entire base of the stapes also is covered with a plate of car- 
tilage directly applied to the fenestra ovalis ; the space intervening 
between the stapes and the margin of the oval window is occupied 
by the ring of fibrous tissue constituting the annular ligament. 

The Eustachian tube con>sihts of two parts, — the supporting 
framework, composed pardy of bone and partly of cartilage, and 
the mucous membrane. Neither 
the osseous nor the cartilaginous 
tissue of the canal constitutes a com- 
plete wall, since the tube is imperfect, 
being completed by the fibrous and 
other tissue which bridges the cleft left 
by the insufficient hard parts. 

Within the canal formed by the os- 
seous, cartilaginous, and fibrous tissues 
the sofl tube of mucous membrane 
lies, its lower division supplemented 
by a stratum of submucous tissue, 
its upper part closely united with the 
periosteum of the bony walls. 

The epithelium lining the Eu- 
stachian tube is ciliated stratified 
columnar in type, the cells clothing 
the pharyngeal division of the tube 
being tall columnar elements, while 
those lining the upper bony part are 
low cuboidal, although ciliated, and 
resemble the epithelium of the tym- 
panum. 

m™b™M'i('^i^".'h'^min™"'fei'd The tunica propria presents a 
(6') Wo»; 7.>"iK«u giandi: s.iuiBm stratum of loosc connective tissue, 
Mfciy-iuii«'"{8')T*e' cMDKiIvr'iHHK "'^h '" *^^'^ ^"<1 defined from the sub- 
■utiting tube with biK or ikuii ; 10. I*, mucous tissue by a dcnscF layer; in 
valor piiiu inuKi*. (Aim thihi.) jnany places the reticular connec- 
tive tissue is infiltrated with lymphoid cells and constitutes an 
adenoid structure. The profusion and distribution of this lymphoid 
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tissue vary gready with age ; in early childhood it is present almost 
in all parts of the tube, but in adolescence it is plentiful only in the 
lower third, in the upper third being entirely wanting and in the 
middle third very sparingly distributed. Small mucous glands 
are also present, and open on the surface of the mucosa within the 
depressions between the longitudinal folds ; these glands may exist 
throughout the length of the tube, but they occur with constancy 
only towards its pharyngeal end. 

The submucous layer is well developed in the cartilaginous 
division of the tube, particularly in the outer membranous wall ; it 
consists of loosely-arranged fibro-elastic tissue, which supports the 
raucous glands and the larger vessels and nerves, and often contains 
a considerable mass of fat. 

The blood-vessels supplying the tubal mucous membranes are 
derived from the pharynx and from the tympanum ; the larger longi- 
tudinal stems run within the submucosa or the deep periosteal layers 
and send twigs into the mucosa to form capillary net-works. 

The nerves derived from the pharyngeal and tympanic plexuses 
occupy the deeper layers of the mucosa ; the twigs given off from 
the larger trunks form a plexus within the superficial parts of the 
tunica propria, fine non-medullated fibrillae passing to the epithelial 
structures ; ganglion nerve-cells are found at the nodal points within 
the plexus. 

THE INTERNAL EAR. 

The internal ear in its fully-developed condition consists of two 
concentrically arranged parts, the bony and the membranous 
labyrinth, separated by an intervening space containing the peri- 
lymph. 

THE SACCULE AND THE UTRICLE. 

While the bony labyrinth in the cochlea and the semicircular 
canals quite closely repeats the general arrangement of the corre- 
sponding parts of the enclosed membranous tube, the central divis- 
ion of the osseous capsule, the bony vestibule, differs somewhat 
in its details from the enclosed membranous compartments. 

These are two almost completely separated vesicles of un- 
equal size, the anterior and smaller sacculus and the posterior and 
larger utriculus ; the compartments communicate indirectly with 
each other by means of the ductus endolymphaticus, while the 
saccule connects additionally with the cochlear division of the 
membranous labyrinth through the narrow canalis reuniens, the 
utricle directly opening into the semicircular canals. 

The bony wall of the vestibule is lined by a very thin perios- 
teum, composed of a felt-work of resistant fibrous tissue, in which 
pigmented connective-tissue cells are not infrequent. From 
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this peripheral lamella trabecultE extend across the intervenin{_ 
perilymphatic space to the fibrous wall of the membranous laby- 
rinth. The endothelium of the inner surikce of the periosteun^Ks 
invests the fibrous trabeculse as well as the outer or perilyraphatic^rr 
suriace of the membranous labyrinth. 

The walls of the saccule and the utricle consist of the con — 
nective -tissue lamella, composed of the bundles of fibrous tissue, 
and the delicate epithelium. At the positions where the filaments 
of the auditory nerve enter the macutee cribrosse and acusticft 
the fibrous stratum is best developed and densest, forming a layer 
.15 to. 20 mm. thick. Within other parts of the vestibule, especially 
in the roof of the utricle, the thickness of this layer may be reduced 

to 5-6 li. 

The lining of the saccule and the utricle consists everywhere, 
except at the maculae acusticse, of a single layer of thin flattened 
polyhedral cells. Over the r^ons receiving the terminations of 
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the nerve-tibres, the maculae acusticse, on the contrary, the epi- 
thelium undergoes marked alteration, changing from the indifferent 
covering cells into the highly-specialized neuro-epithelium. At 
the margin of these areas the cells are at first cuboidal, then low 
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nar, and progressively increase in length until they measure 
/I in contrast with their usual height of 3-4 n. 

character and arrangement of the cells of the acoustic areas 
saccule and the utricle are the same, including t^vo kinds of 
Its, the sustentacular or fibre cells and the hair-cells. 

sustentacular cells are elongated irregularly cylindrical, 
(tend the entire thickness of the epithelial layer to rest upon 
:ll-developed basement-membrane by their expanded or divided 
processes. The oval nuclei are frequently wider than the 
;e diameter of the cells, and produce corresponding enlai^e- 

in the contour of the elements ; the nuclei occupy various 
within the inner half of the cells, but are never situated beyond ; 
■ll-contents appear faintly granular, and contain yellowrish 
:nt- particles. 

hair-cells are broader but shorter than the sustentacular ele- 
, and reach from the surface only to about the middle of the 
lium, where they terminate in rounded margins ; these cells 
s large spherical nuclei, which usually lie well towards the 
y-expanded inner ends. The protoplasm of the hair-cells is 
liar, and contains yellow pigment ; the outer part, next the 
arfece, exhibits a differentiation into a cuticular zone, cov- 
Jie outer ends of the cells. From the free border of each cell a 
igly single stiff robust hair (20-25 /• long) projects into the 
'mph ; this conical process how 
is resolvable mto a number 
;Iutinated finer hairs or rods 

free surface of the neuro 
lium within the saccule and 
tricle is covered by a remark 
tructure, the so called otolith 
3rane. This consists of num 
j small crystalline bodies the 
hs, or ear stones embedded 

a soft gelatinous ground sub- 

The otoliths are minute ,''" ^ " " ^.v."" ' ''" *'T,. 

ul«i region, from rublui, thowmg Molilht 
Is of calcium carbonate, I-~I5 ;U (0) embedded wllhln granulmr lubmnu 

igth, usually six-sided prisms l*' ■ *■ ■"'■■■*="' •"^' p™™ f/t •«- 

, ^ ' tending bfEwven luttenrncuTBr elememt 

slightly -rounded angles. The {,)- ■, ncrvc-fibro wiihin fibroui iiuoc 
:-fibrcs proceed to the acoustic O ?"''"« "'-■^« b»ir«ii. .nd be- 

, . , , , . , ,. , comiiTK nonmedullwed ■! baMmenl. 

and unite beneath the epithelial memhiane («), 

in a plexus, from which fine 

M of fibres pass towards the surface ; the nerve-fibres usually 
:heir medullary substance in their transit through the base- 
membrane and enter the epithelium as naked axis-cyhnders. 
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After ascending about half-way to the free surface the fibres break up 
into their fibrillse, many of which are distributed to the hair-cells, 
with which they probably stand in close relation, while others pass 
as free axis-cylinders between the epithelial elements to a higher 
level. 

The blood-vessels of the saccule and the utricle form a wide- 
meshed capillary net-work within the fibrous wall of the membranous 
sacs, the vascular supply being especially rich within the macul<e 
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THE SEMICIRCULAR CANALS. 

The inner surface of the bony capsule constituting this part of 
the osseous labyrinth is lined by a thin periosteum similar to that 
of the vestibule already described. Along the line of attachment of 
the membranous canal this layer sends 
Fig. 398. ofl- numerous connecting bundles of 

fibrous tissue ; in other parts of the 
circumference of the canal only widely- 
separated, occasional trabecutse 
bridge across the perilymphatic space 
to aid in maintaining the position of 
the membranous tube. The inner 
surface of the periosteum, the tra- 
beculfe, and the outer face of the 
fibrous tunic of the membranous 
canals are invested by the endothe- 
lium which forms the immediate 
lining of the perilymphatic space. 
The walls of the membranous 
semicircular canals closely re- 
'oTa^^^ semble those of the saccule and the 
fibroM luoic Utricle, being made up of an outer 
ijy) by ira. fibrous lamella and an inner epi- 
thelial lining. The fibrous coat 
is further differentiated into an external layer of felted connective- 
tissue bundles, containing many cells, and an inner, more compact, 
almost homc^eneous layer, which corresponds to a highly -developed 
base m e nt - m c mbr a nc . 

The epithelium of the semicircular canals, supported by the outer 
fibrous coat, consists throughout the greater part of its extent of a 
single layer of flattened polyhedral cells (12-18 /<) similar to 
those hning the saccule and the utricle. 

The areas receiving the terminal filaments of the_ auditory nerve, 
the cristee acusticee, are distinguished by specialization of the 
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epithelium to constitute the perceptive apparatus of the semicir- 
cular canals. 

These specialized areas are limited to the floor of the ampullcE, 
in which position the fibrous wall of the canal is 
ciistinguished by a local thickening forming the ^"^ 399 

transverse ridge, or septum transversum. i \ v \ 

On approaching the base of the crest the epi- k, 

thelial cells become more columnar, being much [ 
taller and narrower than those of the general sur I 
iace. The specialized cells crowning the sum- ( " ~ u\\ 
mils of the crista acusticse, like other examples "■ -y /l?^ 
of neuro-epithelium, consist of elements of tivo i ^ '''' 
kinds, the sustentacular or fibre cells and 
the hair-cells. s«f.« vi« of .DtiD. 

The sustentacular elements resemble those c»Mi'^^,T,'fiw^ 
of the maculae of the saccule and the utncle, '■■«' lupponiog >ing!e 
extending the entire thickness of the epithelial It.T^UeiM^^')'''^ "^ 
layer and presenting an elongated narrow 
irregular cylindrical body, with prominent projecting oval nucleus 

The hair-cells, or auditory cells, reach only part-way to the 
basement- membrane and bear on their free surfaces enormously long 
hair-processes, the auditory hairs, which project at least as iar 
as the middle of the lumen of the ampulla. The auditory hairs 
spring from the ends of the cells by minute conical expansions, and 
under high amplification are resolvable into a number of finer com- 
ponent hairs. The nuclei of the auditory cells usually lie within 
dilated rounded inner extremities of the cells, with which also the 
terminations of the auditory nerve come in close relations. 

In sections of the ampullse in tissue preserved with approved 
reagents the inner free ends of the auditory hairs are embedded 
within a peculiar dome-like structure, the cupola, regarding whose 
nature, and even existence during life, opinions greatly differ. As 
usually seen in well-preserved tissue, this structure appears as a 
faintly -striated cuticular formation covering in the ends of the 
hair-processes. 

The fibres of the auditory nerve pass into the septum trans- 
versum, where they unite into net-works from which finer diverging 
fibrillsc pass into the overlying epithelium after losing their medul- 
lary substance. Small groups of naked axis-cylinders extend be- 
tween the epithelial cells and separate into the individual fibrilla;, 
some of which are applied to the bases of the hair-cells, while others 
apparently seek their ultimate distribution at higher levels. 

The blood-vessels supplying the semicircular canals comprise 
those destined for the bony capsule and those distributed to the 
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membranous structures. These vessels form a wide-meshed 
capillary net-work within the Sbrous funic of the canals and the 
ampulke, which supplies both the endo- and perilymphatic surfaces. 



THE COCHLEA. 



The cochlea consists of the tapering bony tube wound spirally 
about its axis and conuining the highly specialized but much 
smaller epithelial canal the ductus cochlcans This latter tube 
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triangular in transverse section, is attached along its base to the outer 
wall of the bony tube, and along its narrow opposite border to the 
projecting osseous spiral lamina ; in consequence of this arrange- 
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ment the perilymphatic space, instead of constituting a single 
cavity in which the epithelial tube is suspended, is divided into the 
scala vestibuli above and the scala tympani. below, which com- 
xnunicate respectively with the vestibule and the tympanum. 

The ductus cochlearis, or scala media, consists, like other por- 
tions of the membranous labyrinth, of the epithelial tube, the 
oldest part of the cochlea representing the specialized outgrowth 
from the primary ectodermic otic vesicle, and the supporting fibrous 
tunic derived from the differentiated surrounding mesoderm. 

The ductus cochlearis is triangular in section ; its base or ex- 
ternal wall is attached to the outer wall of the bony capsule, its 
apical border is joined to the end of the osseous spiral lamina, 
and the converging sides are formed by the delicate membrane of 
Reissner above and the basilar membrane below, which separate 
respectively the scala vestibuli and the scala tympani from the scala 
media. 

The vestibular wall of the cochlear duct is formed by Reiss- 
ner' s membrane, an extremely fragile partition dividing the duct 
from the scala vestibuli ; the membrane begins on the vestibular 
border of the lamina spiralis, about . 2 mm. inside the free edge of 
the crista, and extends at an angle of about forty-five degrees until 
it meets the outer bony wall. Reissner' s membrane consists of 
three layers: an extremely thin central, almost homogeneous 
connective-tissue stratum, one side of which is covered by the 
endothelium of the vestibular surface and the other by the epi- 
thelium of the cochlear duct. Notwithstanding the extreme thin- 
ness of this layer, the presence within it of sparingly distributed 
capillary blood-vessels has been demonstrated. The vestibular 
endothelium consists of a single layer of delicate plates, which here 
and there enclose pigment. The surface towards the duct is cov- 
ered by the general ectodermic lining of the canal, represented by 
a single layer of flat polyhedral epithelial cells. The three 
layers contribute equally to the 3 a* representing the entire thickness 
of the membrane. 

The outer wall of the cochlear duct rests against a greatly thick- 
ened crescentic cushion of connective tissue, whose convex 
border is intimately united with the bony wall, and whose generally 
concave margin looks towards the cochlear duct. This area of con- 
nective tissue, the ligamentum spirale, extends both abdve and 
below the boundary of the cochlear duct, its two horns forming part 
of the outer walls of the adjacent vestibular and tympanic canals. 

The concave surface of the ligamentum spirale is interrupted 
opposite the level of the tympanic wall of the cochlear duct by a pro- 
jecting ridge, the crista basilaris (Schwalbe), to which the basilar 
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membrane or tympanic wail of the duct is attached. Near the base 
of the basilar crest the outer wall of the cochlear duct is marked by 
an additional smaller projection, the prominentia spiralis, o^ 
accessory spiral ligament, distinguished usually by the presenc^^ 
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of several small blood-vessels. The part of the wall lying be 
tweeti this prominence and the point of attachment of Reissner* 
membrane is occupied by a peculiar vascular structure, the str 
vascularis. 

The epithelium covering the outer wall of the cochlear d' 
varies in different positions ; the usual low flat cells become hig 
and more cuboidal within the area corresponding to the stria v 
cularis ; over the prominence the cells again become flat and p 
hedral, but increase in height on approaching the basilar membi 

The stria vascularis is remarkable on account of the exisi 
of capillary blood-vessels within an epithelial structure, 
presence of numerous vessels within the area is readily establ' 
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likewise the undoubted epithelial character of the innermost cells 
next the endolymph, but uncertainty exists concerning the true 
nature — whether epithelium or endothelium — of the cells filling the 
intercapillary spaces and lying between the epithelial layer and the 
adjacent connective tissue. 

The tympanic wall of the cochlear duct consists of two por- 
tions » — the limbus, which includes the wall from the attachment 
of Reissner's membrane to the end of the lamina spiralis, and the 
basilar . membrane, which extends from the end of the bony 
spiral lamina to the basilar crest on the outer wall. 

The limbus corresponds to a conspicuous local increase in the 
periosteum and the fibrous coat at the point where the apical border 
of the cochlear duct is attached to the bony spiral lamina. The 
greatest thickening of the periosteal tissue occurs within the half 
of the limbus next the membrane of Reissner, the half adjoining 
the basilar membrane exhibiting an abrupt decrease in the layer, 
marked by a sharp edge overhanging the sulcus spiralis, the con- 
cavity formed by the receding border of the suddenly-diminished 
stratum; the upper and lower edges of the recess constitute the 
superior and inferior labia. 

The thicker portion of the limbus between the membrane of 
Reissner and the superior labium is remarkably modelled, since 
its surface is broken by clefts and furrows, which become deeper 
as well as larger towards the margin of the superior labium ; this 
peculiar arrangement culminates in the deeply-cleft edge of the 
superior labium, where irregular tongue-like processes separated by 
lateral clefts form the so-called auditory teeth, the entire number 
of which in the human cochlea has been estimated at about 2500. 

The epithelium covering the limbus differs in various parts ; 
flat polyhedral cells cover the elevated portions, including the 
auditory teeth, the intervening furrows and clefts being clothed by 
columnar elements. The epithelium lining the sulcus spiralis 
consists of a single layer of low cuboidal or flattened polyhedral 
cells continuous with the investment of the auditory teeth on the 
one hand and with the highly-specialized elements of Corti's organ 
on the other. 

The basilar membrane, the outer zone of the tympanic wall, 
stretches from the end of the osseous spiral lamina to the basilar 
crest of the spiral ligament of the outer wall. The membrane bears 
upon part of its surface directed towards the cochlear duct the re- 
markably modified neuro-epithelium constituting the organ of 
Corti, and is consequently divided into the inner zona tecta, over 
which this end-organ lies, and the outer zona pectinata, covered 
with the more usual epithelium. 
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The basilar membrane includes three distinct layers, — the epithe- 
lium, the substantia propria, and the tympanic lamella. The 
substantia or membrana propria consists of almost homoge- 
neous connective tissue, and represents an enormously-developed 
basement-membrane beneath the highly-specialized epithelium of the 
tympanic wall. This stratum is covered by a layer of peculiar con- 
nective tissue, the tympanic lamella, directly continuous with the 
tympanic periosteum. 

The lamella contains numbers of fusiform cells of immature 
character interspersed with fibres-; in this position the differentbtion 
of the mesodermic cells 
lining the tympanic 
canal has never ad- 
vanced to the produc- 
tion of typical endo- 
thelial plates, the free 
sur&ce of the lamella 
being invested by the 
short fusiform cells 
alone. 

The epithelium 
covering the basilar 
membrane within the 
inner zone forms the 
remarkable organ of 
Corti, the highest ex- 
ample of specialization 
of neuro - epithelium 
anywhere encountered. 
The organ of Corti extends the entire length of the cochlear duct, 
with the exception of a short distance within the blind terminal sacs 
at the two ends of the canal, where the neuro-epit helium is -wanting. 
In general it consists of a series of epithelial arches formed by 
the interlocking of the ends of two converging greatly modified 
epithelial cells, the pillars or rods of Corti, upon the inner and 
outer sides of which rest groups of neuro-epithelium; the tri- 
angular space included between the converging pillars of Corti above 
and the basilar membrane below constitutes the tunnel of Corti, 
which is, therefore, only an intercellular space of unusual size, 
containing probably a soft semi-fluid intercellular substance serving 
to support the nerve-fibrils traversing the space. 

Examined in detail, the pillars or rods of Corti prove to be com- 
posed of two parts, the denser substance of the pillar proper 
and a thin imperfect protoplasmic envelope, which presents a 
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triangular nucleated thickening at the base directed towards 
the cavity of the tunnel. 

Each pillar possesses a slender slightly-S -shaped longitudinally- 
striated body, whose upper end terminates in the triangular head, 
and whose lower extremity expands into the foot resting upon the 
basilar membrane. The inner pillar is shorter, more perpendicular, 
and less curved than the outer ; its head exhibits a single or double 
concave articular facet for the reception of the corresponding 
convex surface of the head of the outer rod. The cuticular sub- 
stance of both pillars adjoining the articular surfaces is distinguished 
by a circumscribed seemingly homogeneous oval area of different 
nature. The upper straight border of the head of both pillars is 
prolonged outwardly into a thin process or head-plate, that of the 
inner rod lying uppermost and covering over the head and inner 
part of the plate of the outer pillar ; the head-plate of the latter is 
longer and projects beyond the termination of the plate of the inner 

Fio. 403. 
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rod as the phalangeal process, unitmg with the adjacent pha- 
langes of the cells of Deiters to form the mcmbrana reticularis. 
The inner pillars of Corti are more numerous but narrower than 
the outer elements, from which arrangement it follows that the 
broader outer rods articulate with two and sometimes three of the 
inner pillars, the number of the latter in man being estimated by 
Retzius at 5600, as against 3S50 of the outer rods. 
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Immediately within the arch of Corti, resting upon the inner 
rods, a single row of specialized epithelial elements extends as 
the inner hair-cells. These elements, little more than half the 
thickness of the epithelial layer in length, possess a columnar body, 
whose dark granular protoplasm contains an oval nucleus; the 
outer somewhat constricted end of the cells is limited by a sharply- 
defin^ cuticular zone, from the free sur^ce of which project, in 
man, some twenty fine rods or '* hairs." The inner hair-cells are 
less numerous, as well as shorter and broader, than the correspond- 
ing outer elements ; their numerical relation to the inner rods 
of Corti is such that to every three rods two hair-cells are applied. 

The inner sustentacular cells extend throughout the thickness 
of the epithelial layer, and exhibit a slightly-imbricated arrangement 
as they pass over the sides of Corti' s organ to become continuous 
with the lower cells of the sulcus spiralis. 

The cells covering the basilar membrane from the outer pil- 
lar to the basilar crest comprise three groups : those composing the 
outer part of Corti' s organ, including the outer hair-cells and cells 
of Deiters, the outer supporting cells, or cells of Hensen, 
and the low cuboidal elements, the cells of Claudius, investing the 
outermost part of the basilar membrane. 

The outer hair-cells are far more numerous than the corre- 
sponding inner elements, and in man and apes are disposed in three 
or four row^s, alternating with the peculiar end-plates or " pha- 
langes" of Deiters's cells which separate the ends of the hair-cells 
and join to form a cuticular net-work, the membrana reticularis, 
through the openings of which the hair-cells reach the free surfece. 
The inner row of these cells lies directly upon the outer rods of 
Corti, so placed that each cell, as a rule, rests upon two rods ; the 
cells of the second row, however, are so disposed that each cell lies 
opposite a single rod, while the third layer repeats the arrangement 
of the first ; in consequence of this grouping these elements, in con- 
nection with the ' ' phalanges," appear in surface views like a checker- 
board mosaic, in which the oval free ends of the auditory ceUs 
are included between the peculiar compressed and indented octag- 
onal areas of the end-plates of Deiters's cells. 

The outer auditory or hair cells are cylindrical in their general 
lorm, termmating about the middle of the epithelial layer in slightly- 
expanded rounded ends near which the spherical nuclei are 
^ ?^Ju ^^^ ^^^^^ sharply-defined ends of the cells are distin- 
guished by a cuticular border supporting about twenty fine, rigid 

^Zu ""^"^^ '''' " ^*^^^" w^ich project beyond the level of die 
membrana reticularis. 

The sustentacular elements, the cells of Deiters, have much 
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in common with the rods of Corti, being specialized epithelial 
cells which extend the entire thickness of the epithelial stratum to 
terminate in the peculiar end-plates or phalanges. It follows that 
while the free surface of Corti' s organ is composed of both auditory 
cells and sustentacular cells, the elements resting upon the basi- 
lar membrane are of one kind alone, — the cells of Deiters. The 
bodies of the latter consist of two parts, — the elongated cylindri- 
cal chief portion of the cell, containing the spherical nucleus 
and resting upon the basilar membrane, and the greatly-attenuated 
pyramidal phalangeal process. A system of communicating 
intercellular clefts, the spaces of Nuel, lies between the auditory 
and supporting cells ; these are occupied by a semi-fluid inter- 
cellular substance, like the tunnel of Corti, which they connect. 

The membrana tectoria, or Corti's membrane, stretches from 
the upper lip of the limbus above the sulcus spiralis and Corti' s organ as 
far as the last row of the outer hair-cells. The membrane is a cutic- 
ular production originally formed by the cells covering the region of 
the auditory teeth and the spiral sulcus ; at first it rests upon the 
epithelial cells, but later it becomes separated from those lying external 
to the free edge of the auditory teeth and assumes its conspicuous posi- 
tion over the organ of Corti. The membrane seems to be composed of 
fine resistant fibres held together by an interfibrillar cement-sub- 
stance. During life the membrane is probably soft and gelatinous 
and much less rigid than its appearance after reagents indicates. 

The outer sustentacular cells, or cells of Hensen, form an 
outer zone immediately external to the last Deiters' s cell ; these ele- 
ments resemble the inner sustentacular cells, but differ somewhat in 
form and arrangement. In consequence of their oblique positions 
the bodies are not only greatly elongated but also imbricated. 

The cells of Claudius are the direct continuations of Hensen' s 
cells, and pass uninterruptedly into the low columnar elements 
covering the remaining part of the basilar membrane. These cells 
possess clear faintly granular protoplasm, in which pigment- 
granules are frequently seen as well as spherical nuclei. At the 
outer extremity of the basilar membrane these cells are continuous 
with the epithelium covering the upper surface of the basilar crest. 

The nerves of the cochlea, branches of the cochlear division 
of the auditory nerve, present an intricate arrangement, the exact 
mode of their ultimate termination being still in many points un- 
certain. With the exception of bundles for the supply of the first 
turn, which run in channels leading directly to the peripheral 
spiral canal, the cochlear nerves pass into the central canal of the 
modiolus, from which a series of large-sized lateral branches diverges 
at quite regular intervals through canals communicating with the 



3q6 normal histology. 

peripheral spiral canal within the base of the bony spiral lamina. 
Within the peripheral canal the nerve-fibres are augmented by 
numerous nerve-cells, continuing along the spiral canal as the 
ganglion spirale. From this numerous twigs are given off, which 
pass along the canals within the spiral lamina towards its margin, 
the twigs meanwhile subdividing to form an extensive plexus con- 
tained within corresponding channels in the bone. At the edge of 
the spiral lamina bundles of fine fibres are given off, which escape at 
the foramina nervina and enter the epithelium close to the inner 
rod of Corti. During or before their passage through the foramina 
the nerve-fibres lose their medullary substance and proceed to 
their destination as fine, naked axis-cylinders. 

The radiating bundles pass within the epithelium to the inner 
side of the base of the inner pillar, where they divide into two 
sets of fibrillae, one going to the inner hair-cells, the other passing 
between the inner pillars to reach the tunnel. After crossing this 
space the fibrillse escape between the outer rods into the epithe- 
lium lying on the outer side of the arch. The further course of the 
fibrillae seems to be such that some fibrillae extend between the 
outer pillar of Corti and the first row of hair-cells, while succeeding 
groups of fibrillae course between the rows of Deiters's cells to reach 
the remaining hair-cells. The exact relation between the nerve- 
fibrils and the auditory cells, as to whether the fibrillae actually join 
the cells or only come in close contact, is yet a matter of uncertainty, 
although renewed investigations render it still improbable that direct 
anatomical continuity exists. 

The ductus and saccus endolymphaticus possess walls which 
closely correspond with those of the saccule and the utricle, com- 
posed of a thin connective-tissue tunica propria supporting the 
lining of ectodermic epithelium ; the latter consists of a single 
layer of flat polyhedral cells. The duct lies within the bony 
aqueduct, closely united with the periosteal lining, unsurrounded by 
an extension of the perilymphatic space ; in a few localities a meagre 
layer of loose connective tissue forms a less intimate bond between 
the periosteum and the fibrous coat of the duct. 

The cochlear perilymphatic spaces, the scalae vestibuli et 
tympani, include within their walls the same tissues that bound 
similar cavities within other parts of the internal ear. The perios- 
teum of the bony cochlea constitutes the fibrous tunic, which is 
usually covered on the surface in contact with the enclosed perilymph 
by a single layer of endothelial plates ; in some localities, however, 
as on the tympanic surface of the basilar membrane, the lining cells 
retain their primitive mesodermic character, never becoming fiilly 
differentiated into endothelium. 
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The blood-vessels supplying the cochlea constitute two 
groups, — the branches distributed to the membranous cochlea 
and the numerous twigs destined for the bony capsule. The 
cochlear branch of the auditory artery, just before its passage 
through the bony wall, divides into fifteen to twenty twigs, which 
pass either directly through canals to supply the lowest turn of the 
cochlea or into the modiolus. The vessels within the central canal 
of the modiolus, after supplying the nerve-trunks and the spiral 
ganglion with nutritive twigs, send off lateral branches, which form 
two remarkable masses of coiled vessels, the glomeruli cochlese ; 
from the larger of these, situated somewhat above the point of origin 
of the bony spiral lamina, arterioles proceed to Reissner's membrane 
and to the limbus, breaking up to form the capillary net-works of 
these structures. The smaller glomeruli, within the base of the 
partitions separating the adjoining cochlear turns, send off branches 
forming two independent capillary systems. These are the net-works 
within the basilar membrane and those of the stria vascularis, 
which, while having a common origin, do not communicate. The 
capillaries of the membranous cochlea are collected into two 
principal trunks, the vas prominens on the outer wall and the vas 
spirale beneath the basilar membrane opposite the inner rods of 
Corti ; from these channels the blood is conveyed to the larger venous 
trunk, the vena spiralis modioli, lying below the spiral ganglion 
within the base of the osseous spiral lamina. 

The lymphatics of the internal ear are represented by the large 
lymph-spaces included between the membranous labyrinth and 
its bony capsule, — the perilymphatic spaces of the semicircular 
canals, the utricle, the saccule, and the cochlea. These large inter- 
communicating spaces are in direct exchange with the subarach- 
noidean and probably also the subdural intra-cranial lymph-cav- 
ities. The demonstrated communication between the cavity of 
the endolymph and the subdural space by means of the saccus 
endolymphaticus brings the contents of the membranous labyrinth 
into closer relations with the lymphatic system than was formerly 
recognized. 

THE DEVELOPMENT OF THE EAR. 

The development of the ear includes the formation of two mor- 
phologically distinct divisions, the membranous labyrinth, the 
essential auditory structure, and the accessory parts, comprising 
the middle ear, with its ossicles and associated cavities, and the 
external auditory canal and the pinna. 

The developmental history of the organ of hearing proper in its 
early stages is largely an account of the growth and differentiation 
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of the ectodermic otic vesicle, since from this is produced the im- 
portant membranous tube, the enveloping fibrous and osseous 
structures being comparatively late contri- 
Fic. 404. butions from the mesoderm. 

The internal ear first appears as a thick- 
ening and soon after depression of the 
ectoderm within a small area on either 
side of the cephalic end of the neural tube at 
a level corresponding to about the middle 
of the future medulla. This auditory pit 
is widely open for a considerable time and 
distinguished by the great thickness of its 
depressed wall, which contrasts strongly 
with the adjacent ectoderm. After a time 
the lips of the pit approximate until by 
their final union the cup-like depression 
^.., .1 |,nge.t is converted into a closed sac, the otic 

ofnine-Bnd-B-hilf-d.yrabbiitm- vesicle. 

inv^imKd .0"^ ^udLry'pii The otic vcsicle, after severing all con- 
«.. -i.iuiTOundine Mill uadif- ncction with the ectoderm, gradually re- 
ofVt^ lubt : E, hioMty'tuiT' cedes from the surface in consequence of 
the growth of the intervening mesodermic 
layer ; it next loses its spheroidal form and becomes pear-shaped, 
with the smaller end directed 
dorsally. This diverticulum 
is the first appearance of the 
recessus vestibuli, a divi- 
sion of the embryonal laby- I'- ^ \ 
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rinth disproportionately conspicuous compared with its perm 
representative, the ductus endolymphaticus. 
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The semicircular canals next form as tubular projections from 
the vesicle and rapidly assume great prominence ; the superior 
vertical canal appears first, and the external or horizontal 
canal last. The growth of the epithelial diverticula is later accom- 
panied by a condensation of the surrounding mesoderm, which 
differentiates into an external layer, the future cartilaginous and 
later bony capsule, and an inner layer of fibrous tissue. The latter 
suffers partial atrophy and absorption, in consequence clefts appear 
among the delicate bundles, an arrangement permanently represented 
by the fibrous walls and intervening trabeculse of the spaces occu- 
pied by the perilymph surrounding the membranous canals. Within 
the ampullae, which early develop, the epithelial lining undergoes 
specialization, accompanied by thickening of the mesodermic wall 
within circumscribed areas to form the cristas acusticae. 

Coincidently with the development of the semicircular canals a 
diverticulum — the cochlear canal — ^appears at the lower anterior 
end of the membranous sac ; this tube, oval in section, grows for- 
ward, downward, and inward, and represents the future cochlear 
duct, or scala media. After attaining considerable length, further 
elongation is accompanied by coiling and the assumption of the 
permanent disposition of the tube. 

The epithelium of the cochlear tube early exhibits a distinction, 
the cells of the upper surface of the somewhat flattened canal be- 
coming attenuated, while those on the lower wall undergo thick- 
ening and further differentiation; the flattened cells form the 
covering of Reissner's membrane and the outer wall, and 
the taller elements are converted into the complicated structures of 
the tympanic wall of the scala media, including the crista, the 
sulcus, and the organ of Corti. 

The development of these structures includes the differentiation 
of two epithelial ridges ; from the inner and larger of these is 
derived the lining of the sulcus spiralis and the overhanging mem- 
brana tectoria, and from the outer and smaller ridge is produced 
the elaborate and complicated organ of Corti. The crista appears 
between the sulcal cells and the cochlear axis as a thickening of the 
spiral lamina. 

The cochlear outgrowth of the primary otic vesicle forms the 
membranous cochlea, or scala media, alone, the walls of the 
adjacent divisions, the scala vestibuli and scala media, resulting 
from the changes within the surrounding mesoderm. The latter 
differentiates into t^A^o zones, an outer, which becomes the car- 
tilaginous, and finally osseous, capsule, and an inner, lying 
immediately around the membranous canal, which for a time consti- 
tutes a stratum of delicate connecting tissue between the denser 
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capsule and the ectodermic canal. Within this layer clefts appear, 
which gradually extend until two large spaces bound the mem- 
branous cochlea above and below. 

These spaces, the scala vestibuli and the scale tympani, are 
separated for a time from the scala media by a robust septum 
consistmg of a mesodermic layer of considerable thickness and the 
wall of the ectodermtc tube. With the further increase in the 
dimensions of the lymph-spaces the par- 
FiG 407 titions separating them from the cochlear 

duct are correspondingly reduced, until, 
finally, the once broad layers are rep- 
resented by frail and attenuated stnia- 
ures, the membrane of Reissner and 
the basilar membrane, which con- 
sequently include an ectodermic 
stratum, the epithelial layer, strength- 
ened by a mesodermic lamina, rep- 
resented by the substantia propria and 
its endothelioid covering. 

The main sac of the otic vesicle from 
which the foregoing diverticula arise 
constitutes the primitive membra- 
™!'"?.'^ nous vestibule, and later subdivides 
into the saccule and the utricle. 
This separation begins as an annular 
constriction of the primitive vestibule, incompletely dividing the 
vesicle into two compartments ; the ductus endolymphaticus 
unites with the narrow canal connecting these vesicles in such man- 
, ner that each space receives one of a pair of convei^ng limbs, an 
arrangement foreshadowing the permanent relations of the parts. 

Even before the subdivision of the primitive vestibule is established 
the vestibular end of the cochlear canal becomes constricted, so 
that communication between this tube and the future saccule is main- 
tamed by only a narrow passage, the canalis reuniens. The de- 
velopment of the maculae acusticac of the saccule and the utricle 
depends upon the specialization of the epithelium within certain 
areas associated with the distribution of the auditory nerves. The 
nerve-fibres form their ultimate relations with the sensory areas by 
secondary growtli into the epithelial structures. 

From the foregoing it is apparent that the membranous laby- 
rinth is genetically the oldest part of the internal ear, and that it 
IS m fact only the greatly modified and specialized closed otic vesi- 
cle surrounded by secondary mesodermic tissues and spaces. 
The middle ear is derived from the expanded and metamor- 
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phosed outer end of the first pharyngeal pouch, or inner visceral 
furroiv, the Eustachian tube representing the inner segment. 
The tympanic membrane results from the changes affecting the 
septum between the outer and inner first visceral furrows ; this par- 
tition, originally thick, consists of a mesodermic middle stratum, 
covered on its outer and inner sur&ces respectively by the ecto- 
derm and the entoderm. The external and the middle ear at no 
time communicate, but are normally separated by the septum in 
question. 

The ear-ossicles are developed in connection with the primitive 
skeleton of the visceral arches ; the malleus and the incus rep- 
resent specialized parts of the cartilaginous rod of the first arch. 
The stapes is probably developed from the second visceral arch ; 
the peculiar form of the stapes results from the perforation of the 
original cartilaginous plate by a small artery which later disappears. 

The development of the external ear results from the changes 
taking place within the first outer visceral furrow, or gill-cleft, 
and the tissue immediately around its external orifice. From 
the gill-cleft originates the external auditory canal, and from the 
margins of its orifice the pinna is formed. 
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CHAPTER XIX. 

THE NASAL MUCOUS MEMBRANE, 

The mucuus membrane lining the nasal fossie consists of two prin- 
cipal divisions, that of the respiratory and that of the olfactory 
region ; the latter alone is concerned in the sense of smell. 

The mucous membrane of the respiratory region is dis- 
tinguished from that of the olfactory area by its thicknesa, over the 
inferior turbinals it 
"^ '^ *** reach ng 4 mm., 

"^■""^ and by the presence 
a of venous net- 
works of such size 
T) that the structure 
appears as if com- 
posed of cavernous 
tssue The epi- 
thelium of this 
f^ « reg on s Stratified 
^^ ciliated columnar 

"'rt n type within the 

superAc al layer of 
s. jm mmu t«ran« whch numerous 

I.O« n, pro rai m u. «> gOblet CCllS Bit 

^Zl'/X^'-'^^^' *'""''' '■ '^'" "^ "'"""^ optiungoDin. interspersed. The 
tunica propria of 
this region is composed of tibroiL" connective tissue containing clefts 
occupied by many leucocytes, ine latter frequently invading the 
superimposed epithelium ; occasional nodules of lymphoid tissue 
are also encountered in various parts of the mucosa. The surfece 
of the tunica propria is smooth, since the usual subepithelial papillx 
are here wanting. 
■ The mucous membrane of the respiratory region is further dis- 
tinguished by numerous small racemose glands, which open on 
the free surface by funnel-like pits, readily recognized by the unaided 
eye, and lined for some distance by epithelium corresponding to that 
of the adjacent surface. These glands are mixed in character, 
since some acini secrete serous fluids, while others elaborate 
mucous products. The glandular structures occur with especial 
frequence over the inferior turbinated bones, although on the lateral 
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valls and on the lower part of the nasal septum they are present in 
Ui^ numbers. As already mentioned, the veins of the mucosa are 
so wide and plentiful that the layer in which they lie appears like 
cavernous tissue. 

The mucous membrane lining the accessory spaces of the nasal 
fossx — the sphenoidal, the frontal, and the maxillary sinuses 
and the ethmoidal cells — closely resembles that of the respiratory 
region, being covered by a Stratified ciliated epithelium, which 
rests upon a thin tunica propria closely united with the periosteum. 
These tracts are chiefly distinguished from the respiratory surface by 
the marked reduction in the thickness of the mucous membrane, 
which within these spaces is seldom more than .02 mm. The meagre 
supply of glands is another point of difl'erence, the glandular struct- 
ures within these spaces being represented by small and sparingly 
distributed groups often exhibiting peculiar modifications of the 
racemose type 

The olfactory region is distmguished macroscopically from the 
respuatory portions of the nasal fossx by the yellowish brown 
tinge of Its mucous membrane as contrasted w ith the rosy hue of 
that covering the adjacent region the more deeply colored tract 
indicates in only a general way the boundaries of the olfactory 
region since the hmits of the two do not closely correspond the 
brownish area m man being usually somewhat less extensive than 
the entire surface 
possessing the 
structure of the ol H ' I 
factory mucous 1 ' { ' 

membrane The | ° 
latter is also dis ( f 
tinguished by its t 

greater thickness e ^ 
and by the absence 'i o '' 
of ciliated cells ^^ 

The olfactory £ * ^ 
mucosa consists of *^^ ^ ■ 
the epithelium and ^ *-- 
the tunica propria 
the characteristic 
appearances of the 

tissue depending ,i u 1 «« gi-uvd of bowmo. 
upon the peculiari- 
ties of the former, another example of neuro- epithelium. This epi- 
thelium consists of two kinds of cells, the sustentacular and the 
olfactory elements. The sustentacular or support cells present 
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an outer cylindrical division, containing an oval nucleus, situated 
always near the inner end of the more expanded part of the cell, and 
yellowish pigment, together with numerous granules arranged 
more or less markedly in longitudinal rows. The outer ends of the 
supporting cells are modified into a cuticular zone, the membrana 
limitans olfactoria, sometimes exhibiting vertical markings. 

The nuclei of the sustentacular cells form a regular band, the 
zone of oval nuclei, which lies next the free surface, and strongly con- 
trasts with the adjoining broad zone of round nuclei of the olfac- 
tory cells. The inner portions of the sustentacular elements are 
very narrow, irregular in outline, and terminate generally in cleft or 
branched processes in close relation with the underlying basal cells. 

The olfactory cells lie among the supporting elements as incon- 
spicuous, elongated, and attenuated bodies, whose variously-placed 
spherical nuclei, covered by a thin stratum of protoplasm, consti- 
tute the widest parts of the cells ; in consequence these elements 
appear like spherules from the outer and inner poles of which thin 
rod-like processes extend towards the free sur&ce and the base- 
ment-membrane. The nuclei of the olfactory cells lie at all levels, 
forming the broad zone of round nuclei. 

The deepest part of the epithelial stratum is made up of a closely- 
set zone of small nucleated cells, resting upon the tunica propria 
on the one hand, and sending irregularly-branched processes among 
the overlying elements on the other. These basilar cells consti- 
tute a protoplasmic net- work, whose extensions and continuities are 
at present inadequately determined. 

The tunica propria of the olfactory region consists of a moder- 
ately loose felt-work of bundles of fibrous connective tissue, inter- 
mingled with numerous delicate elastic fibres. The outermost zone 
of the tunica propria is condensed to form a very slightly developed 
basement-membrane, upon which rests the epithelium. Em- 
bedded within the mucosa branched tubular glands, or Bowman's 
glands, exist in great abundance ; these structures possess a duct of 
sufficient length to extend through the epithelial layer, the remaining 
portions of the tube constituting the body and fundus of the gland. 
The epithelial cells lining the secreting part of the tube contain 
brownish pigment, which aids in producing the characteristic color 
of the olfactory mucous membrane. Although formerly regarded as 
serous in type, it is probable that Bowman's glands must be included 
within the mucous group. These glands, which In places consti- 
tute an almost continuous layer of secreting tissue, are. much more 
generously distributed than those within the respiratory region. 

The blood-vessels supplying the nasal mucous membrane arc 
especially distinguished by the size and profusion of the veins. 
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The arterial stems lie in the deeper layers of the tunica propria, from 
which twigs are sent into the more superficial stratum, where, imme- 
diately beneath the epithelium, a subepithelial capillary net-work 
is formed ; other twigs break up into capillaries which surround the 
glands. The veins are remarkable for their size and number, in 
many places, particularly over the posterior part of the inferior tur- 
binated bone, giving to the entire tunica propria the character of 
cavernous tissue. 

The lymphatics are represented by numerous vessels which con- 
stitute a net-work within the deeper parts of the tunica propria and 
around the lymphoid nodules ; in addition to these, within the olfac- 
tory region wide-meshed net-works of perineurial lymph-chan- 
nels extend throughout the mucosa of the olfactory region. 
The olfiictory mucous membrane is further provided with a rich sys- 
tem of intercommunicating lymph -spaces within the groundwork 
of the tunica propria, which empty into the larger lymphatic net- 
works of the deeper layers. 

The nerves of the nasal mucous membrane are of two kinds, 
those providing common sensation and those concerned in the 
special sense of smell ; the relations of the latter with the neuro- 
epithelium are of much interest, but at the present time by no means 
definitely determined. The larger filaments of the olfactory nerve 
lie against the bony walls, partially embedded within corresponding 
grooves, and give off smaller arching bundles, which pass within the 
mucous membrane towards its epithelial sur&ce. The twigs, even 
within the mucosa in many places, are enclosed by perineurial 
sheaths prolonged from the intercranial investment of the olfactory 
nerve. The fibres of the latter are without the medullary sub- 
stance, being bundles of the axis-cylinder fibrillae enclosed within 
the neurilemma ; on reaching the epithelium the fibres break up into 
their component fibrillae, which pass as naked, often varicose, axis- 
cylinders towards the elements of the neuro-epithelium. The ol&c- 
tory nerve-fibres are connected peripherally with the olfactory cells 
within the nasal mucous membrane. After passing into the cranium 
they terminate in rich arborizations in relation to the peculiar glomer- 
uli already noted in connection with the olfactory lobe. Additional 
twigs from the trifacial, composed of meduUated fibres, are also 
distributed to the olfactory region, without, however, coming in 
relation with the olfactory cells. 

The development of the nasal mucous membranes proceeds 
from the ectoderm, the earliest indication of these structures ap- 
pearing as the olfactory plates, two areas of thickened ectoderm 
immediately above the primitive oral cavity and in contact with the 
wall of the fore-brain. 
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The olfactory plates are converted into the nasal pits by the 
growth and elevation of the surrounding parts on all sides except 
the under surface, along which the nasal pits for a time directly com- 
municate with the primary mouth. In addition to the differentiation 
of the surrounding tissues into the structures of the external nose, 
the close relation of the primary nasal surface with the brain-vesicle 
disappears with the changes of position produced by the develop- 
ment of the fore-brain and growth of the tissues forming the cranial 
case, particularly the development of the olfactory ganglion fh>in 
the olfactory plate. 

The complicated surfaces of the nasal fossae are due primarily to the 
appearance of the superior, middle, and inferior turbinal folds on 
the lateral wall of the nasal recess. Each fold comprises the dupli- 
cation of ectoderm enclosing a core of mesodenn ; the latter 
becomes the turbinal cartilages and finally the corresponding 
osseous plates. The differentiation of the ol&ctory region torn 
the general lining of the nasal fossae takes place coincidently with the 
growth of the olfactory nerve-fibres ; the details of the histogenesis 
of these structures, however, are still but imperfectly determined. 



The special organs of taste and of touch, including the taste- 
buds and the tactile corpuscles, have been already considered in 
connection respectively with the tongue and with the peripheral 
nerve-endings and the skin. 



appendix: 

INCLUDING THE MOST USEFUL HISTOLOGICAL 

METHODS. 



The advances made during the last few years in the preparation 
of tissues for microscopical examination have been so important, that 
no one proposing to undertake practical histological investigations, 
normal or pathological, can afford to ignore methods of work which, 
although somewhat exacting, yield results &r superior to the older 
processes. With the increased facilities for producing thoroughly 
good and accurate preparations the current standard of excellence 
has advanced, and results formerly viewed with complacency are now 
often regarded as incomplete and correspondingly unsatisfactory. 

The activity of the last half-dozen years has resulted in greatly 
multiplying the details of histological technology, since each worker 
determines what new procedures or modifications of existing methods 
are advantageous for his own special purposes. Useful, and for the 
advanced worker indispensable, summaries of the ever-increasing 
methods of microscopical investigation are to be found in the volumes 
especially devoted to technology ; of such works in English the excel- 
lent "Microtomist's Vade-Mecum," by BoUes Lee, may be recom- 
mended, supplemented by the notices of new methods presented in 
the current issues of the Journal of the Royal Microscopical Society. 

In the present place, however, no attempt will be made to discuss 
even incompletely many of the methods finding use at the hands of 
various investigators ; but, on the contrary, only a few processes will 
be described which extended use has proved to be thoroughly trust- 
worthy and satisfactory. The student undertaking such work for the 
first time is strongly advised to persevere with the paraffin method, 
as here described, since, when properly employed, it may always be 
depended upon to yield the most gratifying results. Failures, sure 
to beset the beginner, should be carefully analyzed and be made to 
yield the experience which will guard against their repetition. 

The manipulations necessary for the conversion of the fresh tissue 
into the finished preparation are : 

1. Fixation of the tissue. 

2. Preservation of the fixed tissue. 
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3. Staining of the tissue in toto. 

4. Embedding in paraffin. 

5. Sectioning. 

6. Fixing sections to the slide. 

7. Mounting. 

8. Finishing, labelling, and storing. 

I. Fixation of the Tissue. By ** fixation** is understood the 
killing of the tissue so rapidly that its elements are retained exactly 
as they were while living when first met by the fixing reagent ; thus, 
for example, extended cells should remain extended after death, or 
rapidly-effected changes, as those of karyokinesis, should be retained 
in the stage in which first encountered, and not be allowed to com- 
plete their cycle, and consequently disappear, as when the tissue 
slowly dies. It is evident that absolutely fresh and, for many investi- 
gations, still living tissues are essential for satisfactory results where 
the condition of the cells is a matter of importance, as in the study 
of the structure of the nucleus or of the protoplasm. 

While so evidently desirable, the fulfilment of this condition in the 
case of human tissues is often a matter of impossibility, or, at best, 
of extreme difficulty, the restrictions imposed upon immediate autop- 
sies rendering it usually almost impossible to secure the more delicate 
tissues while their cells are still alive. Fortunately, however, for the 
majority of investigations, the exact condition of the cell is a matter 
of less moment than its general form and its relations to the surround- 
ing elements ; for such purposes the slow death of the cells may 
work no serious detriment to the usefulness of the tissue, but it is to 
be accepted as a histological maxim, that the fresher the tissue and 
the more accurate the fixation of its elements^ the more valuable and 
satisfactory will be the preparation. 

When, then, v^dWy fresh material is to be prepared for subsequent 
histological examination, it is to be subjected, without previous wash- 
ing in water, first to the action of some fixation fluid; the choice 
of the reagent to be employed must be determined by the purposes 
in view and the character of the tissue. 

a. Miiller's Fluid. 

Potassium bichromate 2.5 gm. 

Sodium sulphate i.o gm. 

Water 100 c.c. 

This fluid, when properly employed, is probably the most generally 
usefiil fixation reagent ; for successful results, however, strict attention 
to the manner of its employment is imperative. The quantity of 
fluid must always be largely in excess of the volume of the tissue 
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treated, and the tissue should not be in pieces over 2 cm. in thickness ; 
the fluid should be changed as soon as it becomes turbid^ sometimes 
ivithin the first hour, and subsequently renewed as often as may be 
necessary to maintain perfect transparency. Tissues are usually 
allowed to remain in Miiller's fluid for a considerable time, two weeks 
being the minimum, while they may be permitted to lie much longer, 
usually, without disadvantage ; it is advisable, however, to remove 
specimens after six weeks, and preserve them in spirit. 

The tissue is transferred from the Miiller's fluid to water, and thor- 
oughly washed in the running stream from 4 to 6 hours, until all 
excess of the fluid has been removed ; it is then placed in yo per cent, 
alcohol and kept in the dark, the spirit being renewed whenever 
strongly tinged by the removed fluid ; as long as discoloration occurs 
an occasional change of alcohol is desirable. 

Where the interstitial methods of embedding are followed, no great 
amount of hardening is necessary or even desirable, in which case 
the tissues are best stored in 80 per cent, spirit, where they may lie 
until needed. Portions of the nervous system which are subsequently 
to be stained after the Weigert process may be fixed with advantage 
in warm Mullet^ s fluid, being kept in an oven from 8 to 10 days at 
a temperature of 35° C. 

b. Absolute Alcohol. For glands, skin, blood-vessels, etc. , 
absolute alcohol aflbrds a rapid and admirable means of fixation, and 
possesses the additional quality of simultaneously hardening the tissue, 
a matter sometimes of great convenience, since the specimen may be 
cut within 24 hours. Small pieces of tissue, so placed either by sus- 
pension or support on cotton that they do not come in contact with the 
bottom or the sides of the glass (to which they otherwise adhere), are 
treated from 12 to 24 hours, the alcohol being invariably changed 
at the end of the first three hours, whether cloudy or not. After 
fixation the tissue is preserved in 80 per cent, spirit. It is to be noted 
that the action of 95 per cent, alcohol is entirely different from that 
of the absolute, with the weaker spirit the shrinkage being great and 
the fixation imperfect ; it cannot, therefore, be substituted. 

c. Flemming's Solution. 

Chromic acid (one-per-cent. solution) 7.25 c.c. 

Osmic acid (two-per-cent. solution) 2.50 c.c. 

Glacial acetic acid, at least 25 c.c. 

Where the structure of the protoplasm or the nucleus is to be in- 
vestigated, or where for any purpose an accurate picture of the cells 
is desirable, Flemming's stronger solution (given above) will be found 
the most trustworthy reagent at our command. Two drawbacks limit 
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its use : its very limited power of penetration, which necessitates the 
tissue being cut in layers not over 2-3 mm. thick, and the consider- 
able expense attending the use of large quantities of the fluid. The 
mixture should be made up each time just before using ^ and cannot 
be employed a second time. The living tissue is placed within the 
solution in a glass-stoppered bottle, and allowed to remain, without 
changing^ 24 hours ; then transferred to running water 1-2 hours, 
after which it is placed in 70 per cent alcohol, and, after several 
changes, preserved in 80 per cent, spirit. 

d. Picro- Sulphuric Acid (Kleinenberg's) Solution. 

Picric acid, saturated watery solution 300 c.c. 

Sulphuric acid, pure 4 c.c. 

resulting in dense precipitate ; after one hour filter, and dilute with 
three volumes (600 c.c.) of distilled water. 

This solution is an admirable and trustworthy reagent for embryos 
and other delicate structures, its principal objection being the time 
required to remove the yellow tinge of the picric acid. The embryos 
are placed directly, without washing, into the fluid, where they remain 
5 hours — if very large the time may be extended to ia-12 hours, 
with a renewal of the fluid ; they are then transferred to 70 per cent 
alcohol, which is repeatedly changed until discoloration no longer 
takes place ; preserve in 80 per cent, alcohol. 

2. Preservation of Tissues. In connection with fixation, the 
subsequent preservation of tissues in 70 per cent, spirit has been indi- 
cated ; when, however, the condition of the specimen, as when ob- 
tained some time after death, or other considerations, render fixation 
useless, it becomes necessary to preserve the tissue from further change. 
To this end Miiller's fluid may also be advantageously employed, 
observing the precautions already pointed out, followed after some 
weeks by alcohol. In many cases, however, when fixation is no 
longer possible, alcohol offers the most convenient method of preser- 
vation, possessing as it does the merits of simplicity and of rendering 
the tissue receptive to all forms of staining. 

In the employment of alcohol for hardening, the tissue should be 
passed through a series of gradually-increasing strength ; beginning 
with 60 per cent, spirit for 2-3 days, with renewals when turbid, the 
tissue is placed successively, at intervals of 3-4 days, into 70 per 
cent., 85 per cent., and 95 per cent alcohol, finally, after sufficient 
hardening, to be preserved indefinitely in 80 per cent, spirit. 

In those cases where bone or calcareous matters are present, fixation 
and hardening must be followed by decalcification and softening; 
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this is most conveniently and quickly accomplished by placing the 
fixed and partially-hardened tissue in a large quantify of dilute nitric 
acid, varying in strength from 3 tp 9 per cent. The fluid should be 
changed daily for three days, subsequently every second day. The 
completion of the decalcification may usually be determined by judi- 
ciously passing a fine needle into the tissue. After suspending the 
acid solution, whose too prolonged action may result very disastrously 
for the softer parts, the tissue is thoroughly washed for some hours in 
running water, and then placed in alcohols of gradually-increasing 
strength to complete the hardening. 

3. Staining. Since the introduction by Gerlach, now some forty 
years ago, of a means of differentially coloring tissues, the list of 
staining methods has gradually been extended, until their description 
at the present time would cover pages ; notwithstanding the multipli- 
cation of formulae and their claimed advantages for particular purposes, 
all ordinary investigations may be satisfactorily carried on with the aid 
of a very limited selection. Among the important stains, carmine 
and hiEtnaioxylin stand pre-eminent on account of their general 
applicability and their certainty. The relative merits of carmine and 
hematoxylin are well defined by their respective advantages. 

Carmine is, as usually now employed, a pure nuclear stain, pos- 
sessing great penetrating properties, and hence being well adapted 
for staining tissues and small animals in toto, — ^a matter of much 
importance in many lines of work requiring serial sections ; fiirther, 
carmine is permanent, remaining bright and unfaded after years of 
exposure, does not overstain, and produces preparations admirably 
adapted to the needs of the improved methods of photomicrog- 
raphy. 

Hsematoxylin, on the other hand, is more than a nuclear stain, 
yielding, when successfully employed, beautifiiUy crisp pictures of 
cellular structure seldom, if ever, equalled by carmine; its applicability 
in its usual formulae, however, is limited to staining sections, since its 
powers of penetration are feeble. This latter defect may be overcome 
by employing the stain in the form of Delafield's hematoxylin, given 
below, which answers admirably for bulk-staining. The liability to 
fede, the possibility of overstaining, and the necessity of using water 
for differentiation are among the disadvantages of haematoxylin as 
usually employed. 

The student is strongly advised to adopt carmine as his staple stain, 
reserving haematoxylin as a valuable, and sometimes indispensable, 
supplementary means of bringing out parts of cells not satisfactorily 
displayed in carmine preparations. 

In the order of procedure given above, staining follows the preser- 
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vation of the tissue and precedes the embedding and sectioning, this 
arrangement being based on the supposition that the tissue is to be 
stained in bulk and cut in paraffin : with this sequence in view, the 
specimen is removed from the 80 per cent, spirit and placed directly 
in the staining solution, which, for all the ordinary purposes for which 
carmine is employed, is best made up as : 

a. Borax-Carmine {Gretmcher), 

Carmine, best . 2.5 gm. 

Borax 4.0 gm. 

Water 100 c.c. 

Alcohol (70 per cent. ) xoo c.c. 

The carmine and borax are thoroughly rubbed up in a mortar and 
dissolved as &r as possible in the previously-heated water, the alco- 
hol being subsequently added. The fluid may then be filtered, but 
it is preferable not to do so ; the solution is set aside for at least two 
weeks, and then carefully decanted. 

The exact length of time required to stain sufficiently a block of 
tissue throughout evidently depends upon the size and density of 
the specimen ; it is, however, seldom safe to trust to an immersion 
of less than 24 hours' duration, and if the object be of large size and 
compact texture, say a piece of kidney 2 cm. in thickness, it should 
be ailowed to remain in an ample quantity of the stain for at least 
three days. The vessel containing the fluid and tissue must be well 
stoppered, a wide-mouthed bottle or tightly-covered capsule being 
the most suitable receptacle. 

From the carmine the tissue is directly transferred, without the 
slightest washing in water ^ into a large quantity of acid aicoholy 
made by adding strong hydrochloric acid to 70 per cent, alcohol in 
the proportion of 5 drops of acid to every 100 ex. of spirit. The 
object of the acid solution is to effect differentiation and fixation of 
the color ; for this purpose the tissue should remain at lea^t 24 hours^ 
and, if of the size and character above supposed, twice as long — 
until the frequently-changed acid alcohol no longer becomes tinged. 
If the staining has been successful, the block of tissue now appears 
of a brilliant deep uniform red ; if inspection shows inequality of 
tint or insufficient color in the central parts of the mass, the staining 
will not be satisfactory and should be repeated. Failure in bulk 
staining is due to an unfavorable condition of the tissue or to an 
improperly-prepared staining fluid, and not to the method, which 
extended experience shows is always capable of yielding the most 
gratifying results, whose brilliancy and differentiation compare favor- 
ably with those of any carmine staining of individual sections. 

Where it is preferable to stain the sections after cutting, the same 
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carmine fluid may be employed, the sections, either loose or fixed to 
the slide, being immersed fi-om 15 to 20 minutes, and then directly 
transferred to 10 per cent, acidulated 70 per cent, alcohol for about 
5 minutes, followed by thorough washing in 70 per cent, spirit. 
Where the tissue is robust, the acid solution for differentiation and 
fixing may be made with water in place of the alcohol, water being 
also used for the subsequent washing ; it is an advantage, however, 
for delicate structures to avoid transfers from alcohol to water, keep- 
ing as &r as possible the sections in alcoholic solutions of about the 
same strength. 

b. Delafield's Hsematoxylin. 

(i) Haematoxylin, crystals 4gni. 

(2) Alcohol, absolute 25 c.c. 

(3) Ammonia-alum, crystals . 52 gm. 

(4) Water 400 c.c. 

(5) Glycerin 100 c.c. 

(6) Methyl-alcohol 100 c.c. 

Dissolve I in 2, and 3 in 4 ; mix, when a slightly-colored fluid is 
produced ; let stand for 4 days, protected from dust, but with free 
access to air and light, at the end of which time the fluid has turned 
to a deep bluish purple. Filter, and add 5 and 6 ; a part of the am- 
monia-alum falls out in small crystals. After several hours filter 
again, and then keep in a tightly-stoppered bottle at least four or 
five weeks before using. 

This tediously-prepared stain possesses the great advantage of 
penetrating and staining well tissues in bulk, for many purposes 
being a valuable adjunct to carmine staining. The strong solution 
above given is diluted with distilled water, and the tissue allowed to 
remain until of a very dark blue color, when it is placed in distilled 
water for 24 hours to effect differentiation and remove excess of color ; 
it is then transferred to 70 per cent, alcohol for subsequent treatment. 
The action of the stain must be watched, as overstaining may readily 
occur ; should the coloring be too intense, this may be remedied by 
soaking in dilute hydrochloric acid, the action of the latter being 
arrested at the proper time by water, which at the same time restores 
the tissue to its former blue color, the acid having previously turned 
it reddish or brown. It is very important to remove every trace 
of add y to prevent subsequent fading; to this end thorough washing 
after the use of acid is imperative. An avoidance of overstaining in 
the first place is much more desirable than any subsequent correction. 
In addition to the purposes of staining in bulk, this haematoxylin 
fluid works well after fixation in chromic acid or Flemming's solution, 
yielding excellent preparations of chromatin filaments in such tissues. 
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c. Alum-Hsematoxylin (^Bohmer). 

(i) Haematoxylin, crystals 55 g™- 

(2) Alcohol, absolute 10 c.c. 

(3) Potash-alum logra. 

(4) Water, distilled 30 c.c. 

Dissolve I in 2 = A ; dissolve 3 in 4 = B ; A is added to B. drop by 
drop, and allowed to stand in the light for several days before filtering. 

For staining sections, dilute with distilled water, several drops of 
the stain to a watch-glass of water usually producing the requisite 
rich bluish-purple solution. The sections remain in the diluted stain 
until colored dark blue^ this usually requiring 5-8 minutes, although 
the exact time depends upon the condition of the tissue and the 
strength of the staining fluid employed ; the sections are transferred 
to distilled water and allowed to soak from 5 to 10 minutes, by which 
time they have become a bright rich blue ; a too intense color and a 
light lilac tint are alike to be avoided. 

The tissue having been stained in bulk with either borax-carmine 
or Delafield's haematoxylin, it is now ready for the important manipu- 
lation of embedding. 

4. Embedding. This may be simple or interstitialy the former 
affording a general support to the tissue by grasping its surface with- 
out penetrating the tissue, the latter supporting not only the surface, 
but also, in consequence of the complete infiltration of the specimen, 
every part of the object. For the purposes of hasty examination, 
the simple embedding often answers perfectly, and is preferable on 
account of economy of time and labor ; where, however, really fine 
preparations are desirable, the additional labor involved by the more 
elaborate process is amply repaid by the character of the resulting 
preparations. 

The most satisfectory mass for simple embedding consists of 
paraffin 2-3 parts -j- tallow i part ; the melted mass is poured around 
the piece of tissue, which has been previously fixed in position by a 
carefully-inserted pin within a paper mould. The mass should cool 
slowly^ and the sections should be cut with both knife and block 
flooded with strong spirit. 

Interstitial Embedding, by which every portion of the entire 
tissue-mass is held together and sustained, each isolated fragment 
being retained in its relative position and preserved in the mounted 
preparation, has given the histologist of to-day a command of his 
tissues incomparably superior to anything that his predecessors pos- 
sessed, and enables him to secure complete series of objects whose 
minuteness and frailty precluded perfect preparations by the older 
methods. 
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The important processes of interstitial embedding are two, paraffin 
and cellaidin being the substances respectively used to infiltrate the 
tissue ; of these the paraffin method must be regarded as the most 
perfect, and, with few exceptions, to be preferred whenever thin per- 
fect sections are of importance, especially where preservation of 
sequence is desirable. 

Paraffin Method {Klebs). 

The essential point of this process is thorough and complete im- 
pregnation of the tissue with the. embedding mass ; it is conse- 
quently necessary to saturate the tissue with some fluid with which 
the paraffin is perfectly miscible, the fluids usually employed to this 
end being chloroform or turpentine oil ; in order, however, to insure 
the free entrance of these fluids within the tissue, it is first necessary 
to free the tissue of all traces of water still contained in the alcohols 
of 70 or 80 per cent. It is, therefore, necessary to place the tissue 
from the usual 80 per cent, preserving spirit as follows : * 

a. Into 95 per cent, alcohol from 12 to 24 hours. 

b. Into absolute alcohol from 24 to 48 hours, until complete dehy- 
dration has been secured ; this step is of the utmost importance for 
the success of all the subsequent manipulations, since if dehydration 
be imperfect infiltration will be unsuccessful, and the tissue will cut 
badly. 

c. Into pure chloroform from 6 to 8 hours, or until the chloroform 
has replaced the absolute alcohol ; an indication of the completion 
of this interchange is fiimished by the position of the tissue, since as 
soon as the tissue continues to lie beneath the surface of the chloro- 
form, or sinks towards the bottom of the bottle, it may be concluded 
that the alcohol has been completely replaced by the chloroform. 

d. Into a saturated solution o( paraffin in chloroform from 2 to 3 
hours ; the solution may be kept slightly warmed. 

c. Into pure melted paraffin, which has a melting-point of about 
50° C. ; the paraffin is best contained ina small open porcelain cap- 
sule placed within a water-oven so regulated as to maintain a constant 
temperature of about 50° C. ; while undesirable, congealment of the 
surface of the paraffin due to reduction in temperature is no great 
misfortune, the retarded evaporation of the ' chloroform being the 
principal evil ; a rise of the temperature to which the tissue is sub- 
jected to a point beyond 55° C. , on the contrary, is usually disastrous, 
the tissue being shrunken and distorted to a degree which renders it 
valueless. It is, therefore, desirable to keep the paraffin and the 



* In the appended data it is still assumed that the tissue being treated is of the 
consistence and volume represented by a piece of kidney 2 cubic cm. in size. 
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tissues at a temperature whose variations are included within the 
limits of 50® to 52° C. 

The tissue must remain in the melted paraffin until every portion 
of it has been completely filled with the embedding mass and all the 
chloroform has been driven off. This latter point is a matter of 
importance in insuring the proper consistence of the paraffin for satis- 
factory cutting, since when the paraffin contains traces of chloroform 
it is too soft and friable to yield the best results. In order to deter- 
mine whether all the chloroform has been driven off, a clean thin iron 
rod is heated and plunged into the melted paraffin, care being taken 
that the rod is not too hot when immersed, lest the tissue be over- 
heated. So long as traces of chloroform are present, bubbles follow 
the introduction of the heated rod ; when bubbles no longer appear^ 
all the chloroform has been driven off. 

After the complete dissipation of the chloroform, the tissue is trans- 
ferred for a few minutes to a second capsule containing fresh, unused, 
melted paraffin of such consistence as is best adapted to sectioning 
under the conditions of season and particular object in view; the 
quantity of melted paraffin should amply suffice to fill the mould 
which is to be employed in the next manipulation. 

f. Embedding the Tissue, For this purpose some form of mould 
must be devised, which may be the simple paper box, made by fold- 
ing over a block the sides and ends of a piece of sized paper some 
4 cm. wide by 8 cm. long ; more convenient are the adjustable metallic 
embedding frames furnished by dealers, those made by Jung, of 
Heidelberg, and sold by various firms in this country, being par- 
ticularly serviceable.- When the paper box is used, it should be fixed 
to a loaded cork before the paraffin is poured into it; when the metallic 
frame, it must closely rest upon a piece of polished glass. In either 
case, the mould is placed in a broad dish, whose depth somewhat 
exceeds the height of the sides of the mould when resting in position 
for use. 

The mould and dish being ready, the capsule containing the fresh 
paraffin and specimen is removed from the oven, and the paraffin 
poured at once into the mould, which should be completely filled ; 
after this has been done, the tissue is seized lightly with the slightly- 
warmed forceps y and riapidly transferred to the mould ; a warm needle 
should be at hand with which to arrange the tissue, so that the pro- 
posed plane of section shall lie parallel to one of the smaller ends of 
the mould, while its principal axis corresponds with the bottom upon 
which the tissue rests. 

As soon as the specimen is properly placed — and this is oflen a 
matter of great consequence— steps should be taken to harden the 
paraffin as rapidly as possible. To this end, the dish supporting the 
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mould and specimen should be filled with cold water until the latter 
is just on the point of overflowing the sides of the mould, great care 
being taken that this does not happen before the surface of the enclosed 
lake of melted paraffin has congealed, otherwise the paraffin becomes 
partially displaced by the water, which will be found later within large 
cavities in the block. 

As soon as the film on the surface has completely formed, the water 
is allowed to cover the mould entirely ; the dish may then be placed 
under the tap, and a gentle stream of water aid in cooling off the 
mass. No attempt should be made to remove the block from the 
mould until the entire mass has become thoroughly hardened; when 
this has occurred, and the embedded object with its surrounding mass 
has been freed, the paraffin should appear almost transparent and 
of a bluish tint, and not milk-white, as is usually the case when the 
paraffin is impure or when the block has been cooled slowly. After 
trimming off the superfluous embedding material and exposing the 
surface to be sectioned, the tissue is ready for cutting. Objects may 
be preserved within the paraffin indefinitely, the method affording an 
admirable and convenient means of keeping tissues for any length of 
time and always ready for immediate sectioning and mounting. 

Celloidin Method {Duval-Schiefferdecker). 

This method has but one point in common with the paraffin process 
— the tissue is infiltrated with the embedding mass ; while paraffin is 
cut dry, celloidin must be cut under or flooded with spirit. Celloidin 
is particularly adapted for certain lines of work in the central nervous 
system and the special senses, and possesses the advantages over 
paraffin of requiring less attention and no heat for its successful manip- 
ulation. The retention of the supporting mass, the rather thicker 
sections, and the impossibility of cutting ribbon-series, on the other 
hand, are points of unfavorable comparison with the paraffin method. 

The celloidin should be prepared as two solutions, a thin and a 
thick : the celloidin^-either as chips or in cake — is dissolved in equal 
parts of absolute alcohol and ether, about 5 grammes, in small pieces, 
being placed in 100 c.c. of the mixed solvent ; the resulting solution 
will be very thin, and maybe labelled **A'* ; a second solution should 
be made containing enough celloidin to secure the consistence of a 
thick syrup; this is **B.'* The celloidin does not dissolve with 
great readiness, days often being required for the preparation of the 
solutions ; these should be very carefully guarded against evapora- 
tion, and a small quantity of the absolute alcohol and ether added 
fi-om time to time to maintain the proper degree of fluidity. 

The tissue, previously thoroughly dehydrated by absolute alcohol, 
is soaked in a mixture of equal parts of absolute alcohol and ether 

27 
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from 24 to 48 hours and then transferred to the ** A*' or thin celloidin 
solution, in which it remains for several days, until entirely permeated 
with the mass ; the tissue is then placed in the thick " B" solution, 
where it stays until the thinner fluid has been replaced by the thicker. 
Meanwhile, corks of suitable size should be soaking in the mixture 
of equal parts of absolute alcohol and ether ; one of these is selected, 
its end slightly roughened, and finally moistened with a few drops 
of the mixture just before the tissue with an envelope of the thick 
celloidin solution is placed in position for cutting on the cork, care 
being taken that the stratum (1-2 mm.) of celloidin lies between the 
tissue and the cork. After a few moments a fresh layer of celloidin 
is added, and this process is repeated until the tissue is completely 
surrounded with a stratum of the embedding mass ; or the tissue 
may be completely embedded, after being attached to the surfcice of 
the cork, by fastening a piece of writing-paper to the sides of the 
cork and at once filling the resulting mould with the fluid celloidin. 
The mass of fresh celloidin should remain undisturbed until the sur- 
face has hardened sufliciently to prevent all possibility of shifting, 
when the cork with the tissue is transferred to a vessel containing 
75 P^^ c^ni' spirit to harden, where it remains, completely immersed^ 
from I to 3 days or longer ; at the expiration of this time the block 
has gained a consistence suitable for sectioning. The cutting can be 
done either free-hand or by the microtome, but it must be done 
while both knife and tissue are flooded with 70 per cent- alcohol. 
The sections are transferred to 70 per cent, spirit for subsequent 
treatment ; if already stained, they are passed into 95 per cent, for 
dehydration, cleared in xylol, bergamot oil, or cedar oil (but not in 
clove oil, as this dissolves the celloidin), and mounted in balsam ; if, 
on the other hand, the tissue has not been stained in bulk, the sec- 
tions are treated with the selected stain, alcoholic or aqueous, and 
subsequently dehydrated, cleared, and mounted. 

5. Sectioning. While for the purposes of immediate examination 
or of temporary preparation free-hand sections often suflice, yet no 
one seriously undertaking histological investigation can afford to 
ignore the advantages possessed by the approved microtomes of the 
present day, without which accurate work is impossible. After an 
extended experience with many forms of these instruments, the 
writer unhesitatingly recommends the sliding microtome, as made by 
Schanze, of Leipsic, as the best all-round instrument to be had, the 
medium-sized "model B'* of this maker supplying an ideal tool 
capable of executing all forms of cutting in the most satisfactory and 
convenient manner. The little sliding student's microtome made by 
the Bausch and Lomb Optical Company answers as a very satisfactory 
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substitute for the more convenient and accurate foreign instrument. 
A word of caution may be added against regarding all forms of sliding 
microtomes as equally efficient, since the satisfactory working of such 
tools is largely dependent upon details of their construction and 
workmanship. While theoretically more accurate, the beautifully- 
made Thoma microtomes with the * * Naples* * holder are much less 
convenient than the Schanze instruments, and are less desirable than 
the latter for general use. Where much ribbon-cutting is carried on, 
the Minot automatic microtome will be found a most valuable time- 
and labor-saving device ; equally perfect ribbon-series can be pro- 
duced on the Schanze, but with much less rapidity. 

Assuming that some satisfactory form of sliding microtome is at 
command, and that the tissue has been embedded interstitially in 
paraffin, the method employed in cutting will depend on whether 
isolated sections or a series are desired. For very many purposes 
the separate sections are all that is needed, their relative position and 
sequence being preserved by systematic arrangement as they are 
cut. In making such individual sections, the knife should be placed 
obliquely to the tissue, the exact angle being such that the entire 
length of the blade is successively brought into use. It will be found 
necessary to adopt some means of preventing the rolling up of the 
sections as they are cut, this tendency being especially pronounced 
with the harder grades of paraffin ; after this has occurred, the sec- 
tions are usually useless. The simplest and most effective means of 
overcoming this difficulty is to hold a small red sable brush over the 
edge of the knife, and, as the latter enters the block, lightly hold the 
section as it is being cut from curling over and rolling up ; the manip^ 
ulation requires some little dexterity, but when once acquired sup- 
plies a simple * * section smoother' * equally as efficient as any of the 
more elaborate mechanical devices. In cutting paraffin sections, no 
fluid is needed, both block and knife being kept perfectly dry. The 
knife should be wiped occasionally with a clean cloth, to renlove any 
particles of the embedding mass that may adhere ; especial attention 
must be given to the edge and under surface of the blade, as some- 
times a minute adherent fragment will cause cracks across the entire 
surface of the subsequent sections. The forceps or a brush serve to 
transfer the sections from the knife-blade to the adjacent tray lined 
with perfectly clean paper, upon which the sections may remain for a 
long time if properly guarded against high temperature and dust. 
The average thickness of satisfactory paraffin sections is about .01 
mm.; large sections are usually somewhat thicker, small delicate 
objects, as embryos, readily yielding sections not much over half as 
thick (.005 to .008 mm.) ; it should not be forgotten that a keen blade 
and proper paraffin are essential to first-class results. 
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In cutting celloidin or other specimens requiring to be flooded 
while sectioned, the knife is likewise placed obliquely ; the sections 
are removed with a soft wet brush and transferred to alcohol ; rolling 
up of such sections does not occur. 

Cutting ribbon-series is a modification of the usual procedure, 
and possesses great advantages where the possession of a complete 
series of sections arranged in their natural sequence is important ; not 
only for embryological studies, where it has become a necessity, but for 
many other purposes, ribbon-cutting is to be preferred. The success 
of the manipukition depends largely upon the proper consistence of 
the paraffin^ since the latter must be of just such hardness that while 
firm enough to enable the sections as cut to push before them those 
already in the chain, it must be sufficiently soft to enable the op- 
posed edges of the sections to adhere together, and thus form the 
** ribbon.** Preparatory to cutting the paraffin block is trimmed as 
accurately as possible into rectangular form, and so clamped in the 
microtome that the longer sides of the rectangle are exc^fy parallel to 
the edge of the transversely -set knife, the latter being placed at right 
angles to its slide-ways. 

When the first section is cut it is not removed, but allowed to lie 
upon the blade ; the knife being returned to its first position, the 
tissue is raised the proper distance (generally .01 mm.), and a second 
section is made, which, if the paraffin is of the proper character, 
will adhere to the first, while the latter is pushed ahead for a distance 
equal to the second section ; in this manner each section in turn drives 
those previously cut before it, all adhering by their opposed ec^es 
and forming a ribbon whose length is often limited only by the wishes 
and the convenience of the worker. Care must be taken to keep the 
cutting edge, especially its under surface, free fi-om particles of par- 
affin, since the presence of these will lead to furrows and cracks in 
the sections. The sides of the block corresponding to the knife- 
edge must also be kept exactly parallel, otherwise the ribbon will be 
curved instead of straight. In case the paraffin in which the tissue 
lies is too hard, the sections breaking apart instead of adhering, ele- 
vating the temperature of the workroom or judiciously holding the 
block in the vicinity of a flame for a short time will usually afibrd 
relief; or the entire block may be coated with softer paraffin, which 
is subsequently trimmed ofTfrom all but the two adhering sides. As 
the ribbons are completed they are placed in covered trays upon 
clean sized paper, protected from dust and high temperature. 

6. Fixing sections to the slide constitutes the next step after 
cutting when tissues have been embedded in paraffin, whether pre- 
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viously stained or not ; the object of the manipulation is to replace 
the support afforded by the paraffin by attaching the sections to the 
slide before removing the embedding substance. In this point paraf- 
fin is much more accurately and conveniently worked than celloidin, 
since the latter is removed from the sections with much less feicility 
than paraffin. The ideal fixing solution is yet to be devised, those 
at present employed being all defective in some particular. The 
desiderata are secure attachment of the sections to the slide in all 
solutions necessary for the various manipulations of staining and 
mounting, and complete expansion of the sections before their final 
adhesion to the slide : this latter consideration is of great importance 
in large sections or in mounting ribbon-series, since it is practically 
impossible to cut these without some slight compression or wrinkling; 
if mounted without being perfectly expanded^ the preparations are 
marred by distorting folds, which in lines of accurate work, where 
reconstructions are sometimes necessary, are serious defects. The 
most satisfactory fixing solutions are the gum arable {Fl'dgel- 
Schultze) and collodion-clove oil {Schdllibaum) mixtures. 

The gum-arabic method is carried out as follows : of a saturated 
aqueous solution of best gum arabic (a crystal of thymol being added 
to prevent the growth of fungi) about 12 drops are added to jo c,c. 
of distilled water and thoroughly shaken. The slide is flooded with 
the solution, care being taken that the fluid does not run over the 
edges, and the sections are floated on the liquid, every part of the 
sections being separated from the slide by the stratum of solution : 
when all the sections are arranged, the slide is transferred to a warm- 
ing-plate and very gently heated to a temperature never as high as 
the melting-point of the paraffin, the object being to enable the 
sections to expand while swimming on the gum solution ; this they 
do in a most satisfactory manner within a few minutes, the sections 
spreading out perfectly flat even when previously wrinkled. 

After expansion the excess of the fluid is drained ofT, and, if neces- 
sary, the sections finally rearranged ; the slides are then placed in a 
suitable place to dry, where evaporation is favored but protection 
from dust is afTorded. It usually is best to allow the sections to lie 
overnight to insure complete drying, as if water be still present the 
sections will not properly clear up. 

The disadvantages of the method are the long time required to 
insure complete evaporation of the fluid and the inability of sections 
so &stened to withstand watery solutions, which dissolve the gum 
and loosen the sections. These objections, however, are more theo- 
retical than real, and are more than compensated by the superior 
preparations secured by this method ; in the exceptional cases where 
it is necessary to apply aqueous solutions, advantage may be taken 
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of the modification introduced by Gray, who uses a weak gelatin 
solution in place of the gum arabic, and, after the sections have ex- 
panded and are fastened in their proper positions, soaks the slide in 
a very weak solution of potassium bichromate, which, in the presence 
of light, renders the gelatin film insoluble in water, and hence capable 
of resisting aqueous stains. To those desiring accurate preparations, 
these methods are strongly recommended as preferable to the more 
rapidly applied and generally used 

Collodion and Clove-Oil Mixture. This is made by adding i 
part of collodion to 3 parts of clove oil ; the mixture should be made 
up in small quantities, as it becomes less reliable with age. The slide 
is lightly painted over with the mixture and the paraffin sections 
placed in position ; the sections cannot be moved after touching the 
mixture, hence care must be exercised in their placing. When the 
slide is full, it is gently warmed until the fumes of the clave oil ap- 
pear ; meanwhile the paraffin melts and the section sinks down into 
the film of the mixture, from which the clove oil is driven off, leaving 
the tissue attached to the slide by the film of collodion alone ; this 
union is not attacked by any of the aqueous, alcoholic, or other solu- 
tions ordinarily used. The ability of resisting many fluids, together 
with its simplicity and rapidity, has long rendered the method a 
favorite, and, for very many cases, deservedly so, due care being 
exercised in heating the slide to avoid injury to the tissue. In spite, 
however, of these considerable advantages, the inability of securing 
perfect extension of the sections is a shortcoming which for accurate 
investigations is fatal ; when, therefore, accurate preparations are de- 
sired, it should be discarded for the gum or the gelatin method. The 
sections being securely fixed to the slide by one of the foregoing meth- 
ods, the paraffin on the slide must be removed, as preliminary to — 

7. Mounting the sections for preservation. The paraffin is best 
removed by immersing the slide in benzole or xylol for a few mo- 
ments and then transferring to turpentine for a short time. The 
sections having cleared up in these fluids are ready for the applica- 
tion of the mounting medium, the balsam. The slide is removed 
from the turpentine, drained, and hastily wiped on the back and 
edges, care being taken not to touch the sections ; a drop of pure 
balsam is then placed on the centre of the slide and the latter held 
for a few moments over a spirit flame to liquefy more thoroughly the 
balsam, when the cleaned cover-glass, previously caught by the for- 
ceps and passed for a moment over the spirit flame, is lowered into 
position ; this manipulation should be executed with steadiness and 
evenness, avoiding as far as possible the imprisonment of air-bubbles. 
Should these, however, appear after the cover is in place, they need 
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cause no concern, as they usually spontaneously disappear during the 
next twelve hours unless imprisoned within some enclosed recess 
of the tissue ; rough treatment, by strongly and repeatedly pressing 
on the cover-glass in the attempt to displace air-bubbles, is disastrous 
to thin sections, and should never be practised ; gentle pressure, 
however, should be made after the cover is down, to press out super- 
fluous balsam, but this must be done with care and judgment. The 
balsam should entirely fill up the space beneath the cover and form 
a slight border outside ; this edging of balsam is useful, as it dries 
much sooner than the medium beneath the cover and adds very 
materially to the strength of the preparation. 

The freshly-mounted slides should be placed in the horizontal 
position and allowed to dry some days before being much handled, 
although if necessary a preliminary study of them can be made at 
once. No attempt should be made to clean them until the balsam 
has well hardened and all danger of moving the cover-glass disap- 
peared ; the excess of the mounting medium is then removed with 
a sharp knife and the slide finally cleaned by a cloth moistened with 
benzole. 

8. Finishing, labelling, and storing the slides depend largely 
upon the individual taste and wishes of the worker ; while the earnest 
investigator has little time for useless ornamentation, the small amount 
of labor involved in having slides clean, neat, and properly labelled 
is well compensated by the convenience and satisfaction of handling 
such preparations. Labels should always be attached as soon as 
practicable, and should indicate all data likely to be of interest ; 
when labels are placed on both ends of the slide, one should be re- 
served for noting points of especial interest shown by the preparation. 
In preparing slides on which an entire series is mounted, marking 
each with a diamond saves much vexatious delay, which otherwise is 
often experienced in determining the proper sequence. Finished 
preparations are best preserved in some form of cabinet or case, the 
exact character of which is of little consequence so long as the slides 
are protected from dust and light and lie flat ; cabinets with well-made 
drawers are attractive and convenient, but usually expensive. 

In recapitulation of the foregoing manipulations, already considered 
in detail, the steps necessary to convert the fresh tissue into the 
finished preparation may be presented as 

AN OUTLINE OF THE STANDARD METHOD. 

1. Fixation of fresh tissue in large quantity of Miiller's fluid ; 
renewal when turbid ; tissue remains 2-3 weeks. 

2. Thorough washing in running water — 2-5 hours. 
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3. Transfer to 70 per cent, alcohol ; keep in dark ; change alcohol 
whenever it becomes deeply tinged, until it remains colorless. 

4. Stain in excess of borax-carmine — 24-48 hours. 

5. Transfer directly, without washing, from stain to acid alcohol 
— 24-48 hours. 

6. Wash well in 70 per cent, alcohol, several times renewed— 24 
hours. 

7. Transfer to 80 per cent, alcohol — 24 hours. 

8. Transfer to 95 per cent, alcohol — 24-48 hours. 

9. Dehydrate in absolute alcohol— 24-48 hours. 

ID. Transfer to pure chloroform until tissue sinks — 6-8 hours. 

11. Transfer to saturated solution of paraffin in chloroform— 6 
hours. 

12. Transfer to pure melted paraffin, kept at constant temperature 
of about 50° C. , until all chloroform is driven off— 6-8 hours. 

13. Transfer to fresh melted pure paraffin of consistence for em- 
bedding — 10-15 minutes. 

14. Embed tissue in mould ; cool rapidly. 

15. Section in microtome, first suitably trimming block for cutting. 

16. Fix sections to slides by gum or collodion-clove oil. 

17. Remove paraffin by benzole, succeeded by turpentine. 

18. Drain off excess of turpentine, apply balsam, and cover. 

19. Place freshly-mounted slides in horizontal position. 

20. Clean up and permanently label when thoroughly -dry ; store 
in suitable cabinet. 

While the duration of the several manipulations as indicated in 
the above summary represents the time usually required by ordinary 
objects, yet the individual character of the tissue must be considered 
in each case, as density exerts much influence on the rapidity with 
which the fluids penetrate. 

When it is desirable to stain the tissue a/ier sections have been 
cut, the above manipulations must be modified ; steps 4, 5, and 6 in 
such case are omitted and the* tissue is at once dehydrated. Re- 
moval of the paraffin from the fixed sections on the slides (17) by 
benzole is at once succeeded by the following manipulations c 

a. Transfer to 95 per cent, to remove the benzole — 5-10 minutes. 

b. Transfer to clean 95 per cent, alcohol to insure complete absence 
of benzole — 5 minutes. 

c. Transfer to 80 per cent, alcohol — 5 minutes. 

d. Transfer to 70 per cent, alcohol — 5 minutes. 

c. Stain in borax-carmine solution — 10-15 minutes. 

f. Differentiate in acid alcohol (10 per cent.) — 6-10 minutes. 

g. Wash in 70 per cent, alcohol, renewed — 10-15 minutes. 
h. Transfer to 80 per cent, alcohol — 15 minutes. 
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i. Transfer to 95 per cent, alcohol — 15 minutes. 

j. Dehydrate thoroughly in absolute alcohol — 15 minutes. 

k. Clear sections in oil of turpentine — 5 minutes. 

1. Mount in balsam as indicated above in 18. 

When hematoxylin is used as the stain, the steps e, f, and g are 
omitted and replaced by — 

ee. Transfer to distilled water — 5 minutes. 

fF. Stain in properly-diluted haematoxylin fluid until sufficiently 
dark — ^8-10 minutes. 

gg. Wash well in distilled water to remove excess of stain and to 
differentiate — 10 minutes ; then dehydrate by the ascending series of 
alcohols included by h to j as above. 

The foregoing methods are those to be employed as the standard 
processes, since for the great majority of specimens they yield results 
perfectly satisfactory and trustworthy ; sometimes, however, special 
lines of investigation demand other treatment in order to bring out 
particular features. Several of those most important for the study 
of the nervous system are here given. 

Weigert's hsematoxylin method is of great value in exhibiting 
the presence and course of medullated nerve-fibres on account of the 
peculiar staining of the medullary substance ; the method takes ad- 
vantage of the tenacity with which this part of the nerve-fibre retains 
the color, appearing slate-blue or black, while the other parts of the 
nerv6us tissues become pale ; the tissue is first overstained and then 
decolored. 

The firesh spinal cord or the brain is hardened in a large excess of 
potassium bichromate (5 per cent, solution), repeatedly renewed, for 
several weeks, and then directly transferred to 80 per cent, alcohol, 
kept in the dark, and frequently changed until the fluid is no longer 
discolored ; as the tissue is usually cut in celloidin, the next step is 
the dehydration by 95 per cent, and absolute alcohol, followed by the 
usual process of the celloidin embedding. After this has been ac- 
complished, and the tissue is on the cork ready for cutting, the entire 
block is transferred to — 

a. Saturated solution neutral cupric acetate i part ; 

Solution of Rochelle salt (10 per cent.) i part, 

for 24 hours in oven at 40° C. 

b. Transfer to — 

Saturated solution neutral cupric acetate i part ; 

Distilled water i part, 

for 24 hours. 
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c. Transfer to 80 per cent, alcohol — ^-i hour. 

d. Cut sections ; knife and tissue wet with 80 per cent, alcohol. 
The later method of Weigert directs the preparation of the fol- 
lowing staining solutions : 

M. ( Lithium carbonate (1.2 gm. : 100 c.c. HsO) 7 c.c. 

1 Distilled water 100 c.c. 

^ f Haematoxylin, crystals x gm. 

( Absolute alcohol 10 c.c. 

e. Stain sections for 12 to 24 hours in mixture composed of 9 
volumes of A + i volume of B. 

f. Wash thoroughly in distilled water. 

g. Transfer to 90 per cent. — 15 minutes, 
h. Transfer to 95 per cent. — 15 minutes. 

i. Transfer to anilin oil-xylol (anilin oil 2 vol. + xylol i vol.) — 5 
minutes. 

j. Transfer to pure xylol — 5 minutes. 

k. Mount in balsam. 

The exact degree of color must be determined by experience and 
the individual taste of the worker ; the Weigert method in any of 
its forms is a stain particularly for the medtUlated nerve-fibres, the 
cellular elements being better displayed by carmine or other haema- 
toxylin dyes. 

Cox-Goigi method for displaying the nerve-cells of the central 
nervous system possesses the advantages of simplicity and relative 
certainty over the older silver impregnation methods of Golgi. 
Small pieces of nervous tissue, not over from two to three centi- 
metres cube, are placed in a mixture composed of — 

Solution of potassium bichromate (5 per cent. ) 20 c.c. 

Solution of corrosive sublimate (5 per cent. ) . 20 c.c. 

Solution of potassium chromate (5 per cent.) 16 c.c. 

Distilled water 44 c.c. 

and allowed to remain until ready for cutting, the fluid being changed 
after the first, third, and seventh days, and subsequently each week 
for a month, if necessary. When ready for sectioning, the tissue is 
transferred directly to 95 per cent, alcohol for two hours and then 
embedded in celloidin by successive treatment with alcohol-ether, 
thin and thick celloidin solutions. After cutting, the sections are 
cleared in a mixture of — 

Xylol 3 parts. 

Phenol I part, 

and mounted in balsam ; cover with cover-glass. 
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Even in successful preparations only a limited number of cells 
will be well shown ; this, however, is rather an advantage than 
otherwise, since diagrammatic pictures are obtained of the various 
elements in turn. The method is an impregnation, not a true stain, 
defining outline, but not histological structure. The method is 
also applicable to the demonstration of minute canals, as the bile 
capillaries and glandular ducts. 

Golgi's gold method is useful for displaying naked axis-cylinders 
and ultimate nerve-fibrillae, as well as special nerve-endings : the 
method possesses the advantage of being relatively certain and rapid 
in its action, especially if the reduction be facilitated by heat. 

Soak the fresh tissue in — 

a. Arsenious acid .5 gm. 

Water, distilled 100 c.c. 

until it becomes translucent — usually 15-25 minutes. 

b. Transfer to — 

Gold chloride .5 gm. 

Water, distilled 100 c.c. 

for 25 to 45 minutes ; rinse off in distilled water. 

c. Transfer to / per cent, arsenious acid solution and expose to 
sunlight until reduction follows and the tissue appears of a deep 
purple or red color ; this reduction may be hastened by gently heat- 
ing over water-bath for some 10 to 15 minutes, until the tissue be- 
comes deeply colored. 

d. Wash thoroughly in water. 

c. Transfer to alcohol for dehydration, or to 50 per cent, glycerin, 
as the case may demand respectively for balsam or glycerin mounting. 

Silver staining is an important means of bringing to view the 
boundaries of epithelial and endothelial cells by the deposit of reduced 
silver particles within the intercellular cement-substance ; in the typical 
silver staining only the cell boundaries are shown as dark brown or 
black lines, the protoplasm being almost colorless. In intensely 
stained specimens of very fresh still living tissue the protoplasm and 
nuclei are sometimes colored. The silver method also tinges the 
interfibrillar ground-substance of dense connective tissue, bringing 
to view the cell-spaces as clear areas within a colored field. 

The absolutely fresh tissue is carefully rinsed in distilled water, 
without rubbing the surfaces, and then transferred to .5-1 per cent, 
solution of silver nitrate from 2 to 10 minutes, depending on the 
thickness of the object ; the then milky tissue is washed and exposed 
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in distilled water to sunlight in a porcelain dish until it becomes dark 
brown ; the reduction is arrested, when sufficiently advanced, by 
thorough washing in water to which a few grains of sodium chloride 
have been added. The stained tissue may be mounted either in 
glycerin or in balsam, soaking in dilute and later strong glycerin, 
or dehydration and clearing, being the subsequent respective manipu- 
lations. 

Staining chromatin filaments for the display of karyokinetic 
figures and other studies of cell-structure can be successfully carried 
out only after accurate fixation of the cells, for which purpose the 
stronger Flemming's solution will be found most trustworthy. 

The tissue after such treatment is embedded in paraffin and cut, 
the fixed sections on the slide being subsequently stained by saffiranin 
or by Delafield's haematoxylin. When karyomitosis is the especial 
object of study, preparations made by stripping off the epidermis of 
suitable animals {very young larval newts being excellent) are more 
favorable than sections, as the cells are preserved intact and contain 
the entire chromatin figures, and not merely the parts included within 
the planes of the section. Place small pieces of such tissues in — 

a. Saffranin 2 gm. 

Alcohol, 50 per cent 60 c.c. 

24-48 hours. 

b. Wash off in water for a few moments. 

c. Transfer to acidulated absolute alcohol {10 drops of pure hydro- 
chloric acid to 100 c.c. of absolute alcohol) for a few moments (>^-i 
minute) until the clouds of color cease to be copiously given off ; 
then — 

d. Transfer to fresh absolute alcohol for i to 2 minutes. 

e. Clear in clove oil and mount. 

Care must be taken not to remove too much color by prolonged 
action of either the acidulated or the plain absolute alcohol, since 
the preparation can be almost entirely bleached by inattention to 
this point. In a successful preparation the chromatin figures are 
brilliantly stained of a bright red, while the other parts of the cells 
are almost uncolored. 

Injection of capillary blood-vessels requires considerable ex- 
perience, and at best an element of uncertainty enters into every 
attempt, since the condition of the tissues, particularly of the vessels, 
largely influences the manner in whiqh the fluid runs. While car- 
mine-gelatin injections make very attractive pictures, a successful 
blue mass possesses many advantages when used in conneaion with 
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carmine solutions. One of the most convenient and efficient inject- 
ing fluids is — 

Soluble Berlin blue ( Grubler) 3 gm. 

Distilled water 600 c.c. 

This fluid runs well, does not extravasate, and may be used cold ; 
perfectly fresh animals, immediately after killing, are the most favor- 
able subjects for the manipulation. A smoothly-working hand- 
syringe (200-300 C.C. capacity), with appropriate stop-cock and can- 
ulae, is the best instrument, since the educated hand of the operator 
forms the best judge of the amount of pressure that may safely be 
applied. When the injection is completed the vessels should be 
ligated and the tissue placed in 70 per cent, alcohol or Miiller's fluid 
for fixation and subsequent hardening. In the case of the lungs, 
after injecting the blood-vessels, the tissue should be moderately dis- 
tended by forcing the preserving fluid into the organ through the 
air-tubes. 

In conclusion, it may be repeated that the object in appending 
these pages treating of microscopic technology is to present in detail 
a few methods which will be found satisfectory and thoroughly trust- 
worthy for the great majority of histological investigations. The 
student is urged to persevere with those here given until he has re- 
peatedly carried the manipulations to a successful issue by producing 
the really beautiful results of which these methods are capable. 
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A. 

Absolute alcohol, use of, 409. 
Accessory digestive glands, 182. 

development of, 189. 
Acervulus cerebri, 330. 
Achromatin, 13. 
Adenoid tissue, 118. 
Adipose tissue. 43. 
Agminated glands, 173. 
Alum-haBmatoxylin (Bdhmer), 4x4. 
Amoeboid movement, 12 
Amphiuma. red bloo<i-celis of. xo8. 
Aqueduct of Sylvius, nuclei of floor of, 304. 
Arachnoid, 383. 

villi of, 283. 
Areolar tissue, 4a 
Arrector pill, 272. 
Arterial glands, 1x4. 
Arteries, 94. 

adventitia of, 96. 

intima of, 95. 

media of, 95. 

small, 97. 

structure of, 94. 
Association fibres of cerebrum, 327. 
Attraction-spheres, 14. 
Auerbach, plexus of, 73. 
Axis-cylinder, 73. 

processes, 70. 

B. 

Baillarger's stripes, 3x1. 
Bartholin's glands, 237. 
Basement-membranes, 137. 
Beritn-blue injecting, 429. 
Blastoderm, 23. 
Blastodermic layers, 24, 25. 
Blood, X05. 

elementary particles, xxi. 

fibrin, XIX. 

granules of Max Schultze, xxx. 

haematoblasts, xxx 
Blood-cells, colored, xo6. 

colored, human, 107. 

colorless, X05. 

division of, xz2. 

effect of reagents upon, xo8. 

origin of colored, 1x3. 

origin of colorless, xx2. 

primary embryonal, 1x3. 

reproduction of colorless, xo6. 

size of, 108. 
Blood-crystals, xxx. 

•islands of Pander, X03. 



Blood-platelets, xxo. 
Blood-vessels, 94. 

capillary, 99. 

development of, Z03. 

lymphatics of, xoo 

nerves of, zoo. 

perilymphatic clefts, zoo. 
Bone, 47. 

circumferential lamellae, 48 

compact, 47. 

development of, 5z. 

endochondral formation of, 5a. 

ground lamellx, 48. 

Haversian canals, 48. 

Haversian spaces, 54. 

Howship's lacunx, 56. 

interstitial lamells, 48. 

marrow, 50. 

marrow-cavity, 48. 

osteoblasts, 55. 

osteoclasts, 56. 

perforating fibres of Sharpey, 50 

periosteal formation of, 54. 

periosteum, 49. 

red marrow, 50. 

spongy, 47. 

summary of development of, 56. 

varieties of, 47. 
Borax-carmine (Grenacher), 4Z2. 
Brain-sand, 283, 330. 
Bronchial tubes, 250. 
Brunner's glands, X7X. 

C. 

Canal of Schlemm, 351. 
Capillary blood-vessels, 99. 
Carmine staining, advantages of, 4x1. 
Carotid gland, X14. 
Cartilage, 44. 

cells. 45. 

development of, 47. 

elastic, 46. 

fibrous, 47. 

hyaline, 44. 

of bronchial tubes, 250. 

of Santorini, 248. 

of trachea, 249. 

of Wrisberg, 248. 

perichondrium of, 46. 

varieties of, 44. 
Cells, embryonal, xz. 

goblet, 3Z. 

granulb, 37 

43" 
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Cells, irritability of, az. 

motion of, at. 

pigment, 37. 

plasma, 36. 

typical, la. 

wandering, 36. 
Cell-diviftion, direct, 15. 

indirect, z6. 
Cell-wall, za. 
Celloidin method, 417. 
Central nervous system, a8a. 
Centrosome, 14, 19. 
Cerebellum, 304. 

cells of Purkinje, 308. 

granule layer, 305. 

molecular layer, 309. 

nuclei of the roof, 310. 

white matter of, 310. 
Cerebral cortex, blood-vessels of, 319. 

pyramidal cells of, 31a, 313. 

stratification of, 3x2. 
Cerebrum, 3Z1. 

association fibres of, 3a7. 

claustrum, 330. 

commissural fibres of, 337. 

comu Ammonis, 3za. 

corpus striatum, 3x9. 

fascia denuta, 3x8. 

fibre^racta of, 336. 

fifUi ventricle, 319. 

fimbria, 3x8. 

hippocampus migor, 3x5. 

nerve-fibres of, 3x4. 

nucleus caudatus, 3x9. 

nucleus lenticularis, 3ao. 

optic thalamus, 330. 

peduncles of, 303. 

projection fibres of, 337. 

septum lucidum, 319. 

white matter of, 3x6. 
Ceruminons glands, 375. 
Charcot's prostatic crystals, aaa. 
Choroidal fissure of eye, 373. 
Chromatin, 13. 

figures, staining of, 438. 
Ciliary motion, 30. 

effects of reagents upon, 31. 
Claustrum, 330. 
Clitoris, 337. 
Coccygeal gland, 1x4. 
Coelom, X33. 
Colostrum, 342. 
Conarium, 339. 
Connective tissue, 35. 

arrangement of cells of, 38. 

cellular elements of, 36. 

development of, 43. 

ground-substance of, 40. 

juice-canals of, 39. 

migratory cells of, 36. 

mucoid, 40. 

spaces of, 39. 

varieties of, 35. 

wandering cells of, 36. 

white fibrous, 39. 



Connective tissue, yellow elastic, 3^ 

Conus medullaxis, 384. 

Cornea, 336. 

Corneal corpuscles, 338. 

Corpora amylacea of brain, 33a 

geniculata, 33a. 

mammillaria, 333. 

quadrigemina, jax. 
Corpus callosum, 337. 

striatum, 3x9. 

subthalamicum, 331. 
Cowper's glands, aaa. 
Crescents of Gianuzii, X41. 
Crura cerebri, 303. 

crusu of, 303, 304. 

fibres of crusta, 337. 

substantia nigra, 304. 

tegmentum of, 303, 304. 
Cutis anserina ara. 

D. 

Debove's endothelium of intestine, 169 
Deddua, uterine, 333. 
Delafield's hsmatoxylin, 413. 
Demilunes of Heidenhain, X4Z. 
Dentine, sx. 

Derivatives of blastodermic laycn, as. 
Direct cell-division, 15. 
Duct, endolymphatic, 396. 

galactophorotts, 340. 

Gartner's, 330, 345. 

Mailer's, 343. 

of thyroid body, 357. 

Wolffian, 804, 343. 
Dura mater, 383. 

nerves of, 383. 

perivascular lymphatics of, ata. 

venous sinus of, a8a. 



E«r» 377. 

accessory spiral Ugameat, 390. 

ampullae of semicircular canab, 387 

auditory pit, 398. 

auditory teeth, 39X. 

basilar membrane, 391. 

canalis reuniens, 383. 

cells of Claudius, 394, 395. 

cells of Deiters, 394, 395. 

cells of Henaen, 394, 395. 

ccruminous glands of, 377. 

cochlea, 388. 

cochlea, blood-vessels of, 397. 

cochlea, nerves' of, 395. 

cochlea, perilymph-spaces of, 396. 

Corti's organ, 39a. 

crista basilaris, 389. 

cristsB acusticsB of semicircolar canab, 386. 

development of, 397. 

ductus cochlearis, 388, 389. 

ductus endolymphaticus, 383, 396. 

Eustachian tube, 38a. 

external auditory canal, 377. 

external cartilage of, 377. 

fenestra ovalis, 38a. 
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Ear, hair-celb, 394. 

hair-cclb of macube acusticae, 385. 

interna], 383. 

Ugamenuim spirals, 389. 

maculae acusdcae of, 384. 

mastoid cells, epithelium of, 380. 

membrana tectoria, 395. 

membrane of Reissner, 389. 

middle, epithelium of, 380 

middle, gbrnds of, 380. 

ossicles, 381, 38a. 

otic veside, 398. 

otolith-membrane, 385. 

otoliths, 385. 

pillars of Corti, 399. 

prominentia spiralis, 390. 

saccule, 383. 

saccus endolymphaticus, 396. 

secondary tympanic membrane, 381. 

semicircular canals, 386. 

spaces of Nuel, 395. 

spiral lamina, 388. 

stria vascularis, 390. 

sulcus spiralis, 391. 

tympanic cavity, 380. 

tympanic membrane, 378. 

tympanum, lymphatics of, 379. 

tympanum, nerves of, 379. 

utricle, 383. 
Ear-stones, 385. 
Ectoderm, 94. 

derivatives of, 25. 
Elastic tissue, 4a. 
Elastin, 40. 
Eleidin, 379. 
Elementary tissues, 11. 
Embedding, interstitial, 414. 

simple, 414. 
Embryonal cell, 11. 
Endochondral formation of bone, 59. 
Endogenous cdl-dtvision, 90. 
Endothelium, 33. 

development of, 34. 

stomata of, 33. 
Entoderm, 94. 

derivatives of, 95. 
Epididymis, 913. 

development of, 943. 

globus major of, 908, 9X9. 

tube of, 913. 
Epidural spaces, 989. 
Epiglottis, 948. 

glands of, 948. 
Epiphysis, 399. 
Episcleral space, 372. 
^ithelium, 96. 

ciliated, 30. 

classificadon of, 96. 

columnar, 99 

development of, 97, 34. 

distribution of, 97. 

germinal, of ovary, 994. 

glandular, 31. 

modified, 30. 

of mucous membranes, 136. 
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Epithelium of sense^>rganf, 39. 

pigmented, 31. 

prickle-celk, 99. 

rod, 39. 

squamous, 97. 

transitional, 99. 

varieties of, 96. 
Eponychium, 978. 
Epodphoron, 930. 
Equatorial plate, 17. 
Erythroblasts, 1x3. 
Eustachian tube, 389. 

Eyc» 336. 

anterior chamber of, 366. 

blood*vesaels of, 365. 

canal of Petit, 366. 

canal of Schlemm, 351. 

capsule of Tenon, 366, 379. 

choriocapillaris, 343. 

choroid, 349. 

choroidal fissure, 373. 

ciliary body, 344. 

ciliary muscle, 345. 

ciliary processes, 344. 

color of iris, 349. 

conjunctiva, 369. 

cornea, 336. 

crystalline lens, 362. 

development of, 379. 

fovea centralis, 356. 

hyaloid canal, 365. 

hyaloid membrane, 364. 

iridoKTomeal angle, 349. 

iris, 346. 

iris, color of, 349. 

lachrymal canals, 37T. 

lachrymal caruncle, 370. 

lachrymal gland, 371. 

lamina cribrosa, 360. 

lamina fiisca, 341. 

lamina suprachiNt>idea, 341. 

ligamentum pectinatum iridis, 950 

lymphatics of, 366. 

macula lutea, 356. 

membrana aictitans, 370. 

naao-Iachrymal duct, 371. 

nerves of, 367. 

optic nefve, 358. 

optic nerve, excavation of, 360. 

optic nerve, sheaths of, 359. 

optic vesicle, 379. 

ora sermta, 357. 

perichoroidal space, 366. 

plica semilunaris, 370. 

retina, 351. 

retina, morphology of, 351. 

retina, pigment-layer of, 356. 

retiiM, visual cells of, 354. 

sclera, 341. 

spaces of Fontana, 150 

suspensory ligament of lens, 363. 

tapetum cellulosum, 343. 

tapetum fibrosum, 343. 

Tenon's space, 366. 

venae vorticosae, 343, 366, 
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Eye, vitreous body, 364. 

vitreous lamina, 344. 

xone of Zinn, 363. 
Eyelids, 367. 

blocd-vessels of, 370. 

development of, 376. 

glands of Moll, 370. 

lymphatics, 370. 

Meibomian glands, 369. 

nerves of, 371. 

tarsus, 368. 

F. 
Fallopian tube, 330. 

Fat, 43- 

Fat-cells, 43. 

Female pronucleus, 32. 

Fenestrated membrane of Henle, 95. 

Finishing and storing preparations, 433. 

Fixation of tissues, 408. 

Fixing sections to the slide, 430. 

Flemming's solution, 409. 

Foramen caecum, 357. 

Q. 

Galactophorous ducts, 340. 
Gall-bladder, 183. 
Ganglia, structure of, 80. 
Gartner's duct, 330. 
Geniulia, female, 336. 
Germ-cells of neural tube, 333. 
Germinal epithelium, 334. 

spot, 337. 

vesicle, 337. 
Giraldis's organ, 314. 
Glands, 137. 

arterial, 1x4. 

Bartholin's, 337. 

blood-vessels of, 141. 

Brunner's, X7X. 

carotid, X14. 

coccygeal, X14. 

compound saccular, 138. 

compound tubular, 137. 

Cowper's, 333. 

development of, 143. 

epithelium of, 33. 

hemolymph, isa. 

lachrymal, 371. 

Lieberkahn's, X70. 

Littri's, 203. 

lymphatics of, 142. 

Moll's, 370. 

Montgomery's, 340. 

mucous, X40. 

Naboth's, 233. 

nerves of, X43. 

racemose, 138. 

secreting cells of, 14 x. 

serous, 140. 

simple saccular, X38. 

simple tubular, 137. 

soiitary, X72. 

structure of, X38. 

Tyson's, 3x9. 

unicellular, 137. 
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Glands, varieties of, X37. 
Golgi's gold method, 437. 

silver method, 436. 
Graafiau follicles, 336. 

number of, 338. 
Grandry's tactile corpuscles, 84. 
Gnuiuk-cells, 37. 
Growth, X5. 

Haematoxylin staining, advantages of, 4x1 

Weigert s method, 435. 
Hair, 368. 

color of. 369. 

development of, 379. 

lanugo, 380. 

nee peculiarities of, 967. 

renewal of, 380. 

structure of, 368 
Hair-follicles, 369. 

rootttheaths of, 370. 

structure of, 37X. 
Hasaall's corpuscles of thymus, xa8. 
Haversian canals, 48. 
Heart, xoo. 

annuli fibrosi, xoi. 

blood-vessels of, xoa. 

chordsB tendineae, xox. 

corpus Arantii, lox. 

development of, 104. 

endocardium, xoo. 

fibres of Purkinje, xox. 

lymphatics of, 103. 

muscular tissue of, xoa. 

nerves of, X03. 

pericardium, xos. 

structure of, xoo. 
Hemolymph glands, X32. 
Howship's lacunae, 56. 
Hyaloplasm. X3. 
Hydatid, sessile, 044 

stalked, of Morgagni, 330. 
Hypophysis cerebri, 338. 

I. 

Indirect cell-division, z6. 
Injecting capillary blood-vessels, 4J9. 
Internal capsule, 337. 
Intestines, 168. 

agminated glands, X73. 

blood-vessels of, X75. 

Brunner's glands of, X7X. 

chyle vessels of, X69. 

duodenal glands of, X7X. 

glands of, 170. 

goblet-cells of, X69. 

Lieberkiihn's follicles of, xtol 

lymphatics of, 175. 

muco«a of large, X69. 

mucosa of small. 168. 

muscular coat of, 174. 

muscular coat of large, 174. 

muscularis mucosae of, X74. 
• nerves oC X76. 

Peyer's patches. 173. 

solitary glands of, 173. 
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Intestines, snbmncosa of, 174. 
valvulB conniventes, x68. 
villi of, x68, Z69. 

K. 

Karyokinests, 15. 
Kidney^ 191. 

btood-vestels of, 199. 

Bowman's capsule, 193. 

capsule of, 193. 

columns of Bertini, 192. 

connective tissue of, 193. 

development of, 904. 

divisions of, 191. 

glomeruli of, 193. 

Henle's loops, 195. 

labyrinth of, 193. 

lobules of, 191. 

lymphatics of, soo. 

Malpighian bodies, 193. 

Malpigbian pyramids, 19a. 

Malpighian tuft, 193. 

medulla of, 199. 

medullary rays, 19a. 

nerves of, 200. 

papillae of, xqx. 

pelvis of, aox. 

sinus of, aoi. 

tubes of Bellini, 195/ 

uriniferous tubules of, X9S» 196. 
Kleinenbcig's solution, 4x0. 
Krause's views regarding muscle, 63. 

U. 

Labia majora, 236. 

minora, 336. 
Lachrymal canals, 37X. 

gland, 37X. 
Lanugo, 980. 
Larynx, 346. 

blood-vessels of, 248. 

cartilages of, 248. 

}]rmphatics of, 348. 

nerves of, 348. 

vocal cords of, 346. 
Leucocytes, 105. 
Lieberkiihn's follicles, 170. 
Ligamentum nuchae, 43. 
Liver, X76. 

bile-capillaries of, X78, ijg. 

bile-ducts of, x8o. 

blood-vessels of, z8z. 

cells of, 178. 

development of, X89. ~^ 

fibrous tissue of, 176. 

glands of bile-ducts, x8x. 

Glisson's capsule, 176. 

interlobular vessels of, 177. 

intralobular capillary net-work, 177. 

lymphatics of, x8x. 

multinticleated cells of, 189. 

nerves of, -iSs. 

perivascular lymphatics of, 179. 
Lung, 352. 

air-sacs, 353. 



Lung, alveolar passages, asx. 

blood-vessels of, as4. 

connective tissue of, 354. 

development, ajo. 

infundibula, 35T: 

lobules of, 353. 

lymphatics of, 255. 

nerves of, 255. 

pigment within, 254. 

terminal bronchus, 351. • 
Lunula of nail, 265. 
Luschka's gland, 1x4. 
Lymph, 1x7. 

capillaries, xi6. 

corpuscles, 1x7. 

ccurpuscles, sources of, xiB. 

perineurial channels, X17 

perivascular sheaths, 1x7 
Lymphatic glands, X19. 

blood-vessels of, xao. 
compound, xao. 
simple, XX9. 

spaces, XX5. 

system, 1x5. 

system, development of, 133. 

tissues, xx8. 

tissues, diffuse, 1x9. 

tissues, elements of, xz8. 

vessels, XZ7. 



Male pronucleus. 93. 
Mammary glands, 338. 

ampullae, 340. 

areola, 340. 

blood-vessels, 341. 

during lactation, 330. 

galactophorous ducts, ^40 

lymphatics, 34X. 

nerves, 341. 

nipple, 340. 

rudimentary, t^x. 
Maturation of ovum, 33. 
Medulla, 395. 

anterior pyramid, 300. 

arcuate fibres, 398, 399. 

clavus, 396. 

corpus dentatum of olive, 399. • 

cuneate tubercle. 39& 

decussation of anterior pyramids, 997 

external cuneate nucleus, 397. 

fibre-tracts of, 300. 

formatio reticularis, 398. 

funiculus Rolandi, 396. 

funiculus teres, 397. 

hypoglossal nucleus, 397. ' 

lateral tract, 300. 

nucleus cuneatus, 396. 

nucleus gracilis. 396. 

nucleus lateralis, 397. 

posterior pyramid, 30X. 

restiform body, 300. 

spinalis, 284. 
Meissner's tactile corpuscles, 85. 
Melanin, 38. 
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Membrana nictitans, 370. 

propria of mucous menibranes, 137. 
Membrane of Descemet, 339. 
Merkel's tactile corpuscles, 84. 
Mesoderm, 34. 

derivatives of, 35. 
Mesogastrium, 19a 
Mesothelium, 133. 
Metabolism, 15. 
Metakinesis, x8. 
Mlcrocytes of blood, xix. 
MUk, 34r 

colostrum corpuscles, 349. 

secretion of, 339. 
Mitotic cell-division, 16. 
Mounting sections, 433. 
Mouth, 144. 

blood-vessels of, 145 

lymphatics of, 145. 

mucous membrane of, 144. 

nerves of, 145. 
Mucous membranes, structure of, 136. 
Muscle, 58. 

blood-vessels of, 67. 

cardiac, 66. 

development of, 67. 

involuntary, 59. 

nerves of, 67. 

non-striped, distribution of, 58 

striped, 61. 

voluntary, 61 . 
MttUerian duct, 34a. 
MQiler's fibres of retina, 35a. 
Mailer's fluid, 408. 
Myeloplaxes of Robin, 51. 

N. 

NaUs, 365. 

development of, 378. 

growth of, 378. 

lunula, 379. 

regeneration r^, 379. 

structure of, 366. 
Nasal mucous membrane, 40a. 

blood-vessels of, 404. 

Bowman's glands, 404. 

development of, 405. 

glands of, 40a. 

lymphatics of, 405. 

nerves of, 405. 

olfactory division of, 403. 

olfactory epithelium, 404. 

respiratory division of, 40a. 
Nasmyth's membrane, 148. 
Naso-lachrymal duct, 371. 
Nebenkem, 14. 
Nephrostomata, 197. 
Nerve-cells, 69. 

of first type, 70. 

of second type, 71. 

processes of, 70. 
Nerve-endings, 83. 

classification of, 88. 

cylindrical end-bulbs, 86. 

in blood-vessels, 9a. 



Nerve<endtngs in glands, 93. 

in non-striated muscle, 89. 

in striated muscle, 90. 

muscle-spindles, 91. 

of Langerhans, 84. 

sensory, 83. 

spherical end-bulbs, 85. 

tactile cells, 84. 

tendon spindles, 9a. 
Nerve-fibres, 7s. 

meduUated, 73. 

non-medullated, 7^ 

of spinal cord, 388. 
Nerve-trunks, 77. 

blood-vessels of, 78. 

endoneurium, 77. 

epineurium, 78. 

funiculus, 77. 

Henle's sheath of, 78. 

lymphatics of, 78. 

nerves of, 78. 

perineurium, 77. 
Nervi nervorum, 78. 
Nervous system, 383. 
Nervous tissues, 69. 

development of, 8x. 

supporting framework 01. fpu 
Neuroblasts, 8x, 333. 
Neuro-epithelium, 93. 
Neuroglia, 79. 

cells, 79. 
Nipple, 840. 
^Nucleolus, 14. 
Nucleus, 13. 

caudaius, 3x9. 

fibrils of, 13. 

lenticularis, 330. 

membrane oi, 13. 

segmentation, 33. 

structure of, 13. 
Nymphae, 336. 



CEsophagiis, liSo. 

muscular tissue of, x6i. 
Olfiictory bulb, 334. 

glomeruli, 335. 

lobe, 333. 

tract, 333. 
Optic thalamus, 390. 
Organ of RoaenmiUler, 330. 
Ovary, 184. 

bloodpveasels, 339. 

corpus luteum of pr^nancy, 

development of, 344. 

germinal epithelium, 934. 

faiterstitial cella, 338. 

lymphatics of, 399. 

nerves of, 399. 

primary egg-tubes, 344. 

primordial ova, 944. 

stroma, 395. 

tunica albuginea, 995. 
Oviduct, 330. 
Ovula Naboihi, 333. 
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Oniin, zaj. 

escape of, 398. 
germioal spot, 397. 
genninal vesicle, 337. 
matunition, 33. 
•egmentation of, 33. 

P. 

Pacchionian bodies, 983. 
Pacinian corpuscles, 86. 
Pancreas, 185. 

development of, 189. 
PUinicultts adtposus, 365. 
Panulidymis, 3x4. 

development of, 343. 
Paranucleus, 14. 
Parasinoidal spaces, 383. 
Paroophoron, 345. 

development of, 345. 
Parovarium, 330. 

development of, 344. 
Peduncular fibres, 337. 
Penis, 31 6. 

arteries of, 3x8. 

cavernous venous channels of, 3x7. 

cbrpora cavernosa, 3x6. 

corpus spongiosum, 318. 

erectile tissue of, 3x8. 

glands of Tyson, 319. 

belictne arteries of, 3x8. 

lymphatics of, 3x9. 

nerves of, 3x9. 
Perichondrium, 45. 
Penonyx, 378. 
Periosteal bone, 54. 
Peripheral nerve-endings, 83. 
Peyer's patches, X73. 
Phagocytes, xo6. 
Pharynx, X59. 

glands of, 159. 

mucous membrane of, X59. 
Pia mater, 383. 

pigment-cells of, 384. 
Picro^ulphttric acid solution, 4x0. 
P^ment-cells, 37. 
Pigment of hair, 369. 

of skin, 363. 
Pineal body, 339. 

eye, 339. 
Pituitary body, 338. 
Plasma-cells of Waldeyer, 36. 
Plastin, X3. 
Pleura, 356. 

blood-vessels of, 356. 

nerves of, 356. 
Plexus of Auerbach, 167. 

of Meissner, 167. 
Polar bodies, 93. 

field, x6. 
Pole<<orpuscle, 14. 
Pods, 301. 

locus coeruleus, 303. 

nuclei of, 30X. 

posterior longitudinal bundle, 303. 

substantia ferruginea, 303. 



Prepaxation of tissues, order of manipulations, 

407. 
Preservation of tissues, 4x0^ 
Primary body-cavity, 133. 

neural tube, 333. 
Primordial ova, 344. 

sexual cells, 943. 
Projection fibres, 337. 
Pronucleus, female, 3a 

male, 33. 
Prosute gland, 919. 

acini of, 390. 

amyloid concretions of, sxfi. 

blood-vessels of, 333. 

concretions of, 333. 

involuntary muscle of, 99a 

lymphatics of, 333. 

nerves of, 333. 

secretion of, 333. 
Prostatic crystals, 3x6. 



sinus, S3X. 



Protoplasm, reticulation of, z^ 

structure of, X3. 
Purkinje's ganglion-cells, 308. 

basket-works of, 310. 

R. 

Reissner's membrane, 389. 

Reproduction of the c4II, X5. 

Reproductive organs, table of homologies of, 945 

Respiratory organs, 346. 

Rete Malpighii, 369. 

Ribbon sections, 430. 

Rollett's views regarding muscie, 63. 

Root-sheaths of hair-follicle, 971 

8. 

Safiranin staining, 438. 
Salivary corpuscles, X56. 
Sebaceous glands, 373. 
Sebum, 973. 
Section-cutting, 4x8. 
Segmentation nucleus, 33. 
Segmentation of ovum, 33. 
Semen, 373. 
Serous membranes, 138. 

blood-vessels of, X30. 

classification of, X38. 

development of, 133. 

ground-substance of, 130. 

nerves of, X31. 

structure of, X39. 
Sexual cords, 343. 

glands, indifferent, 343. 
Sharpey's fibres of bone, 50. 
Silver staining, 437 
Sinus pocularis, 331, 344. 
Skin, 361. 

arrector pili, 373. 

blood-vessels of, 376. 

corium, 364. 

development of, 377. 

eleidin granules, 363. 

epidermis, 363. 

epitrichial layer, 363. 
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Skin, hair-foUiclea, 369. 

hair-papillx, 273. 

lymphatics of, 976. 

muscles of, 37a. 

nerves of, 377. 

pannicultis adiposus, 365. 

papillae of, 264. 

pigment of, 363. 

sebaceous glands, 37.^. 

Btnitum conieum, 363. 

stratum granulosum, 363. 

stratum luddum, 363. 

stratum Malpighii, 363. 

structure of hairs. 368. 

sweat-glands, 373. 
Somatopleure, 133. 
Spaces of Fontana, 350. 
Spermatic crystals, 916. 

duct, 3x3. 
Spermatosoa, 3x5. 

vibrations of, 315. 
Spinal cord, 384. 

anterior column, 285. 

anterior gray commissure, 990. 

anterior ground-bundle, 386. 

anterior median fissure, 385. 

anterior radicular xone, 386. 

ascending antero-lateral, 386. 

blood-vessels of, 394. 

Burdach's column, 386. 

central canal of, 393. 

Clarke's column, 390. 

connective tissue, framework of, 287. 

crossed pyramidal tract, 286. 

descending antero-lateral, 386. 

direct cerebellar tract, 386. 

direct pyramidal tract, 386. 

ependyma of. 393. . 

filum terminale, 385. 

ganglion-cells, 390. 

Goll's column, a86. 

Gowers's tract, a86. 

gray commissure, 385. 

gray matter, arrangement of, 288. 

lateral column, 386. 

mixed lateral tract, 386. 

neuroglia of. 387. 

outlying ganglion-cells, 391. 

posterior column, 285. 

posterior median fissure, 385. 

structure of gray matter, 390, 39X. 

substantia gelatinosa, 393. 

substantia gelatinosa Rolandi, 393. 

substantia spongiosa of, 291. 

Torek's column, 386. 

ventriculus terminalis, 394. 

white commissure, 388. 

while matter of, 287. 
Spirem, z6. 
Splanchnopleure, 133. 
Spleen, X33. 

blood-vessels of, 125. 

development of, 134. 

lymphatics of, 136. 

Malpighian corpuscles of, 134. 



Spleea, nerves of, 196. 

pulp-tissue of, X34. 
Spongioblasts, 8x, 333. 
Spongioplasm, X3. 
Staining, 4x1. 

chromatin figures, 428. 
Standard technique, outline of, 423. 
Stomach, 162. 

acid cells of, 163. 

blood-vessels of, 166. 

development of, 187. 

lymphatics of, 167. 

mucous membrane of, x6a. 

muscular coat of, x66 

nerves of, 167^ 

peptic glands, 162. 

pyloric gland<( of, 164. 

serous coat of, 166. 

submucosa of, 165. 
Stratum Malpighii, 263. 
SubarachnoideaiK space, 283. 
Substantia gelatinosa of spinal cord, 293. 
Substantia spongiosa of spinal cord, 391. 
Suprarenal body, 330. 
Sweat-glands, 273. 

muscle of, 275. 

number of, 275. 

secretion of, 275. 
Synovial membranes, 131. 

blood-vessels of, 232. 

Haversian fiioges of, 139. 

nerves of, 139. 

structure of, Z3X. 

T. 

Tapetum cellulosum of choroid, 343. 
Tapetum fibrosum of choroid, 343. 
Taste-buds, 155. 
Teeth, 145. 

cementum, 148. 

crusta petrosa, 148. 

dental papilla, 150. 

dentinal fibres, 147. 

dentinal tubules, 146. 

dentine, X46. 

development of, 149. 

enamel, 147. 

enamel organ, 150. 

incremental lines of Salter, 147. 

interglobular spaces, r46. 

membrane of Nasmyth, 148. 

odontoblasts, 152. 

pulp, 148. 

Schrager's lines, 147. 

stripes of Retzius,.T48. 
Tegmentum of cerebral peduncles, 398^ 
Tendon, structure of, 41. 
Tendon-cells, 41. 
Tenon's capsule, 373. 
Testicle, 207. 

blood-vessels of, 2x4. 

coni vasculosi, ao8, 913. 

development of, 243. 

hydatids of, 2x4. 

interstitial cells, 2x2. 
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Testicle, lymphatics ol, 314. 

mediastinum of, aoy. 

nerves of, 2x4. 

seminiferous tubules, ao8. 

Sertoli's columns, 909. 

spermatoblasts, 309. 

spermatogenesis, aiOb 

straight tubules, aia. 

tunica albuginea, 907. 

tunica vaginalis, 207. 

vasa efferentia, ao8, 3x3. 
Thymus body, xa6. 

blood'vessels of, xa8. 

corpuscles of Hassall, ia8. 

development of, 134. 

lymphatics of, xa8. 

nerves of, xaS. 
Thyro-glossal duct, 357. 
Thyroid body, 357. 

colloid secretion of, 358. 

development of, a6o. 
Tissues, constituents of, xx. 

^^ elements of, 93. 

Tongue, X53. 

blood-vessels of, 156. 

glands of, X56. 

lymphatics of, 156. 

mucous membrane of, X59. 

nerves of, 156. 

papillae of, 153. 
Tonsils, X58. 
Trachea, 949. 

blood-vessels of, 950. 

cartilages of, 949. 

glands of, 949. 

lymphatics of, 950. 

nerves of, 250. 
Tunica propria of mucous membranes, X36. 

U. 
Ureter, 9ox. 

development of, 904. 



Urethra, 903. 

development of, 906. 

female, 903, 937. 

gtaiuls of, /OS, 938. 

male, 903. 
UriiMLry bladder, 9oe. 

development of, 906. 
Uterus, 939. 

blood-vessels of, 934. 

cervix, 932. 

development of, 944. 

menstrual changes, 933. 

muscular coat of, 934. 
Uterus masculinus, 99x, 944. 

V. 

Vagina, 935. 

development of, 344. 
Vas deferens, 9x3. 

ampullae of, 9x3. 
Vasa vasorum, 99. 
Veins, 97. 

adventitia of, 98. 

intima cf. 97. 

media of, 98. 

valves of, 98. 

variations in coats of, 98. 
Vital manifestations of the cell, 15. 
Vitelline membrane, 997. 
Vitellus, 997. 
Vocal cords, 946. 

W. 

Wandering cells of connective tissue, 3^ 
Weigert's staining method, 425. 
White fibrous tissue, 39. 
Wolffian body, 204. 249. 
Wolffian duct, 904, 942. 
Wolffian tubules, 249. 

Y. 

Yellow elastic tissue, 39. 



THE END. 
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